4 * 



U 



(19) 



J) 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 052 747 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


W 'I 


int ci 7 H01S 5/10 H01S 5/50 




15 11 7000 Bulletin 2000/46 






(21) 


Application number: 00109903.5 






(22) 


Date of filing: 10.05.2000 






(84) 


Designated Contracting States: 


(72) 


Inventor: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




Hamamoto, Kiichi, 




MC NL PTSE 




c/oNEC Corporation 




Designated Extension States: 




Tokyo (JP) 




AL LTLV MK RO SI 










(74) 


Representative: 


(30) 


Priority: 13.05.1999 JP 13279899 




Glawe, Deifs, Moll & Partner 








Pa ten tan watte 


(71) 


Applicant: NEC CORPORATION 




Postfach 26 01 62 




Tokyo (JP) 




80058 Munchen (DE) 



(54) Semiconductor laser, semiconductor optical amplifier, and production method thereof 



(57) The present innovation is as to provide a semi- 
conductor laser capable of realizing a regular single 
mode output and achieving a high gain and high output 
as well as improving the COD level and the spatial hole 
burning and not causing a mode conversion loss in prin- 
ciple. The semiconductor laser comprises a single 
mode waveguide 1 and a multi-mode waveguide 2. The 
multi-mode waveguide 2 has a wider width than that of 
the single mode waveguide 1 . The single mode 
waveguide 1 provides a single mode to an oscillated 
light oscillated from an active light waveguide. While the 
multi-mode waveguide 2 provides modes including a 
multi-mode to the oscillated light, the resulting output 
mode emits into regular single mode output because of 
the self-imaging effect of multimode interference. Fur- 
thermore, the semiconductor laser has a light output 
facet constituted by a facet of the multi -mode waveguide 
2. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a semicon- 
ductor laser, a semiconductor optical amplifier, and a 
production method thereof. 

2. Description of the Related Art 

[0002] Nowadays, the opto -electronic technology is 
implemented to various fields, e.g. information I/O sys- 
tem such as compact disc application, and optical tele- 
communication system using optical fibers. As devices 
supporting the Opto-electronic technology, various 
semiconductor lasers have been developed. For exam- 
ple, as semiconductor lasers for the compact disc, those 
of near infrared or visible light band have been devel- 
oped, and as semiconductor laser for optical telecom- 
munication system, those of long wavelength band have 
been developed. 

[0003] As a type of the semiconductor laser, there is 
a waveguide type semiconductor laser. In general, the 
waveguide type semiconductor laser when used for 
information transmission or as an optical fiber amplifica- 
tion excitation source, its waveguide is designed so as 
to satisfy a single mode condition or a quasi-mode con- 
dition. 

[0004] In general, when a laser beam is used in 
multi mode, there arises a problem to be affected by the 
multi mode dispersion. When a signal light is coupled to 
an optical waveguide such as an optical fiber or to a 
lens, there arises a difficulty for coupling a signal light 
effectively. These problems can be eliminated by 
designing the waveguide as has been mentioned 
above. 

[0005] In order to satisfy the aforementioned single 
mode, various semiconductor lasers have been devel- 
oped. (For example, Japanese Patent Publication 63- 
293989 discloses such a semiconductor laser element.) 
However, the configuration designed to satisfy the sin- 
gle mode condition has restricted the laser characteris- 
tics. 

[0006] For example, a width and a thickness of an 
active layer in a semiconductor laser have been limited 
within a predetermined range according to the single 
mode condition. Especially, in order to improve a gain 
saturation level, it is advantageous to enlarge the 
waveguide width. However, this is limited to a certain 
value because of the aforementioned single mode con- 
dition. Thus, semiconductor laser output power has 
been limited technically. 

[0007] An example of eliminating such limitation by 
the single mode condition is disclosed in L. J. Mawst et 
al "Phase-locked laser diode array", Applied Physics 
Letters Vol. 60, No. 6, 1992, pp. 668-670. In this phase- 



locked laser diode array, 20 semiconductor lasers of sin- 
gle mode are arranged at a predetermined interval in a 
direction vertical to the light waveguide, so that the sem- 
iconductor lasers produde resonance, thus enabling to 
5 finally obtain a high single mode output. 

[0008] However, this phase-locked laser diode array 
has a complicated configuration, which results in a low 
production yield. 

[0009] Moreover, when producing the phase-locked 
10 laser diode array so as to satisfy the resonance condi- 
tion, the tolerance is very small and it is difficult to pro- 
duce identical arrays. 

[0010] Furthermore, in addition to the active layer 
gain saturation, COD (catastrophic optical damage) and 

15 spatial hole burning are known as phenomena constrict- 
ing the semiconductor laser output. In general, in order 
to improve the COD level, it is preferable to enlarge the 
waveguide width so as to reduce the light density per 
unit area of the cleaved facet. 

20 [0011] However, the waveguide width is under 
restriction of the single mode condition as is mentioned 
above. Furthermore, in order to suppress the spatial 
hole burning, in general, it is preferable to reduce the 
waveguide width. Thus, in order to obtain a high output 

25 in the conventional semiconductor laser, it is necessary 
to perform designing, satisfying the single mode condi- 
tion and considering the COD level and the spatial hole 
burning which are in a trade off relationship with the sin- 
gle mode condition. Accordingly, it has been tremen- 

30 dously difficult to obtain a high output of a 
semiconductor laser. 

[0012] As a method to improve the aforementioned 
COD level, a semiconductor laser using a flare type 
waveguide is suggested by M. Sagawa et al, Electronics 

35 Letters, Vol. 32, No. 24, 1996, pp. 2277-2279. In this 
semiconductor laser of the flare type, the width of the 
waveguide is gradually increased from backward facet 
toward the forward facet, so as to reduce the light den- 
sity at the light emitting surface while keeping the single 

40 mode light emission, thus enabling to improve the COD 
level and to obtain a high output. 

[0013] However, the light propagating mode greatly 
depends on the flare configuration. The flare configura- 
tion cannot be easily reproduced for obtaining the single 

45 mode output. For example, if, during a production, a 
slight pattern error or waveguide unevenness is caused, 
it is difficult to obtain the lateral single mode output as is 
designed with a high yield, and multi mode oscillation 
may occur. Alternatively, the spatial hole burning, i.e., 

so multi mode oscillation due to current flow-in may occur. 
[0014] Moreover, because the cleaved facet has a 
flare configuration, a high accuracy is required for the 
cleaving position and it has been difficult to obtain iden- 
tical lateral single mode output. 

55 [0015] Furthermore, in the aforementioned semi- 
conductor laser, in principle, mode conversion is per- 
formed along the entire propagating direction and the 
mode conversion loss is inevitable. That is, it is 
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extremely difficult to obtain a highly efficient output by 
the aforementioned semiconductor laser. 
[0016] In addition to the aforementioned document, 
Japanese Patent Publication 9-199782, Japanese Pat- 
ent No. 2545719, and Japanese Patent No. 2723945 5 
suggest semiconductor lasers using a waveguide of the 
flare configuration. However, these semiconductor 
lasers have the same problems as has been described 
above. 

[0017] With respect to a semiconductor optical w 
amplifier, a tapered configuration is implemented to 
improve a saturated output level. This is reported by 
Chih-Hsiao Cehn et at, "Technical Digest of Optical 
amplifier and Applications", MC3, 1998, pp. 39-42. In 
this semiconductor optical amplifier, by implementing a 15 
wide region, so as to increase the active layer area com- 
pared to the conventional single mode waveguide, thus 
improving the saturated output level. 
[0018] However, the light output mode greatly 
depends on the shape of the tapered configuration. The 20 
tapered configuration cannot be easily reproduced for 
obtaining the single mode output. For example, if, dur- 
ing a production, a slight pattern error or waveguide 
unevenness is caused, it is difficult to obtain the lateral 
single mode output as is designed with a high yield, and 25 
multi mode oscillation may occur. Alternatively, the spa- 
tial hole burning, i.e., multi mode oscillation due to cur- 
rent flow-in may occur. 

[0019] Furthermore, the aforementioned semicon- 
ductor optical amplifier has a configuration that in princi- 30 
pie, mode conversion is performed over all the 
waveguide directions and mode conversion loss is inev- 
itable. Accordingly, it is quite difficult to obtain a highly 
efficient output by the aforementioned semiconductor 
optical amplifier. 35 
[0020] As has been described above, the conven- 
tional single mode semiconductor laser has a problem 
that it is difficult to obtain a high output because of a 
gain saturation of the active layer due to the single 
mode condition, the spatial hole burning, the COD level, 40 
and the like. 

[0021] Another conventional example, though solv- 
ing these problems, has a problem of configuration 
complexity. The production condition tolerance is strict 
and reproducibility is very low. In principle, the mode is 45 
unstable and there is a problem of spatial hole burning. 
The efficiency is lowered by the mode conversion loss. 
Moreover, it is difficult to obtain a stable lateral mode. 
[0022] These problems are also present in the con- 
ventional optical amplifier. so 

SUMMARY OF THE INVENTION 

[0023] It is therefore an object of the present inven- 
tion to provide a semiconductor laser and a semicon- 55 
ductor optical amplifier capable of realizing a single 
mode output, which is one of the important characteris- 
tics of a waveguide optical device, and obtaining a high 



gain and high output as well as improvement of the 
COD level and the spatial hole burning to obtain a stable 
lateral mode, and not generating a mode conversion 
loss in principle. Another object of the present invention 
is to provide a production method of such a semicon- 
ductor laser and a semiconductor optical amplifier. 
[0024] In order to achieve the aforementioned 
object, Claim 1 of the present invention provides a sem- 
iconductor laser comprising: a single mode waveguide 
and a first multi-mode waveguide, wherein the first 
multi-mode waveguide has a greater width than the sin- 
gle mode waveguide, the single mode waveguide pro- 
vides a single mode to an oscillated light oscillated from 
an active light waveguide, the first multi-mode 
waveguide provides modes including a multi-mode to 
the oscillated light, and the semiconductor laser has a 
light output port consisted from the first multi-mode 
waveguide. 

[0025] As is disclosed in Claim 2, the single mode 
waveguide is, for example, connected to one of the light 
output ends of the first multi-mode waveguide. 
[0026] As is disclosed in Claim 3, it is preferable 
that a tapered waveguide be connected between the 
single mode waveguide and the first multi-mode 
waveguide. 

[0027] As is disclosed in Claim 4, the first multi - 
mode waveguide which may have one-port at one side 
and N-ports at the other side of it (N is a positive inte- 
ger), i.e., 1 xN, multi-mode interference type waveguide. 
For example, as is disclosed in Claim 5, the first multi- 
mode waveguide may be a one-input one-output, i.e., 
1x1, multi-mode interference type waveguide. 
[0028] Moreover, Claim 6 of the present invention 
provides a semiconductor laser comprising: a single 
mode waveguide, a first multi-mode waveguide, and a 
second multi-mode waveguide, wherein the first multi- 
mode waveguide has a greater width than the single 
mode waveguide, the single mode waveguide provides 
a single mode to an oscillated light oscillated from an 
active light waveguide, the first and the second multi- 
mode waveguide provide modes including a multi-mode 
to the oscillated light, and the semiconductor laser has 
a light output facet constituted by a facet of the second 
multi -mode waveguide. 

[0029] As is disclosed in Claim 7, it is preferable 
that the second multi-mode waveguide be a secondary 
mode cleaved waveguide. 

[0030] As is disclosed in Claim 8, the second multi- 
mode waveguide may be a one-input one-output, i.e., 
1x1, multi-mode interference type waveguide. 
Claim 9 provides a semiconductor laser production 
method comprising: a first step of successively forming 
on a substrate, a buffer layer, an active layer, and a first 
cladding layer, a second step of removing portions of 
the buffer layer, the active layer, the first cladding layer, 
and the substrate so as to form a mesa, a third step of 
successively forming a first current blocking layer and a 
second current blocking layer around the mesa in such 
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a way that only the first current blocking layer is in con- 
tact with the side wall of the mesa and only the second 
current blocking layer is exposed outside, a fourth step 
of successively forming a second cladding layer and a 
cap layer to cover the first current blocking layer and the 5 
mesa, a fifth step of forming a rear electrode and a front 
electrode; and a sixth step of applying a half-reflection 
coating to one facet of the waveguide and an anti- 
refiecting coating to the other facet after an element is 
cleaved. 10 
Claim 10 of the present invention provides a semicon- 
ductor optical amplifier comprising: a single mode 
waveguide, a first multi-mode waveguide, and a reflec- 
tion preventing facet formed on both facets, wherein the 
first multi-mode waveguide has a greater width than the 15 
single mode waveguide, the single mode waveguide 
provides a single mode to an amplified light amplified by 
an active light waveguide, the first multi-mode 
waveguide provides modes including multi-mode to the 
amplified light, and the semiconductor optical amplifier 20 
has a light output facet constituted by a facet of the first 
multi-mode waveguide. 

Claim 14 provides a semiconductor optical amplifier 
comprising: a single mode waveguide, a first multi- 
mode waveguide, a second multi-mode waveguide, and 25 
anti -reflection facets formed on both facets, wherein the 
first multi-mode waveguide has a greater width than the 
single mode waveguide, the single mode waveguide 
provides a single mode to an oscillated light oscillated 
from an active light waveguide, the first and the second 30 
multi-mode waveguide provide modes including a multi- 
mode to the oscillated light, and the semiconductor opti- 
cal amplifier has a light output facet constituted by a 
facet of the second multi-mode waveguide. 
[0031] By applying a reflection preventive means 35 
such as an anti-reflection coating to the both facets of 
the semiconductor laser, it is possible to obtain a semi- 
conductor optical amplifier. Accordingly, the semicon- 
ductor lasers disclosed in the Claims 1 to 9, Claim 15, 
and Claim 1 6 can be directly used as the semiconductor 40 
optical amplifiers. Claim 1 7 of the present invention pro- 
vides a semiconductor optical amplifier production 
method comprising: a first step of successively forming 
on a substrate, a buffer layer, an active layer, and a first 
cladding layer, a second step of removing portions of 45 
the buffer layer, the active layer, the first cladding layer, 
and the substrate so as to form a mesa, a third step of 
successively forming a first current blocking layer and a 
second current blocking layer around the mesa in such 
a way that only the first current blocking layer is in con- so 
tact with the side wall of the mesa and only the second 
current blocking layer is exposed outside, a fourth step 
of successively forming a second cladding layer and a 
cap layer to cover the first current blocking layer and the 
mesa, a fifth step of forming a rear electrode and a front 55 
electrode; and a sixth step of applying an anti- reflecting 
coating to facets after an element is cleaved. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] 

Fig. 1 is a plan view of a semiconductor laser 
according to a first embodiment of the present 
invention. 

Fig. 2 is a cross sectional view about the line A-A in 
Fig. 1 . 

Fig. 3 is a cross sectional view about the line B-B in 
Fig. 1. 

Fig. 4 is a cross sectional view of a semiconductor 
laser showing a step of a semiconductor laser pro- 
duction method according to the first embodiment. 

Fig. 5 is a cross sectional view of the semiconduc- 
tor laser showing a step of the semiconductor laser 
production method according to the first embodi- 
ment. 

Fig. 6 is a cross sectional view of the semiconduc- 
tor laser showing a step of the semiconductor laser 
production method according to the first embodi- 
ment. 

Fig. 7 is a cross sectional view of the semiconduc- 
tor laser showing a step of the semiconductor laser 
production method according to the first embodi- 
ment. 

Fig. 8 is a graphic view showing a simulation result 
of operation of the semiconductor laser according 
to the first embodiment. 

Fig. 9 is a graphic view showing a simulation result 
of operation of a conventional semiconductor laser. 

Fig. 10 is a plan view of a semiconductor laser 
according to a second embodiment of the present 
invention. 

Fig. 1 1 is a cross sectional view about the line A-A 
in Fig. 10. 

Fig. 12 is a cross sectional view about the line B-B 
in Fig. 10. 

Fig. 13 is a graphic view showing a far-field pattern 
when light is emitted from an ordinary single mode 
waveguide. 

Fig. 1 4 is a graphic view showing a far-field pattern 
when light is emitted from a multi-mode waveguide 
of embodiment 2. 
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Fig. 15 is a plan view of a semiconductor laser 
according to a third embodiment of the present 
invention. 

Fig. 16 is a cross-sectional view about the line A-A 5 
in Fig. 15. 

Fig. 1 7 is a cross-sectional view about the line B-B 
in Fig. 15. 

10 

Fig. 18 is a plan view of a semiconductor laser 
according to a fourth embodiment of the present 
invention. 

Fig. 1 9 is a cross sectional view about the line A-A is 
in Fig. 18. 

Fig. 20 is a cross sectional view about the line B-B 
in Fig. 18. 

20 

Fig. 21 is a plan view of a semiconductor laser 
according to a fifth embodiment of the present 
invention. 

Fig. 22 is a cross sectional view about the line A-A 25 
in Fig. 21. 

Fig. 23 is a cross sectional view about the line B-B 
in Fig. 21. 

30 

Fig. 24 is a cross sectional view about the line C-C 
in Fig. 21. 

Fig. 25 is a plan view of a semiconductor laser 
according to a sixth embodiment of the present 35 
invention. 

Fig. 26 is a cross sectional view about the line A-A 
in Fig. 25. 

40 

Fig. 27 is a cross sectional view about the line B-B 
in Fig. 25. 

Fig. 28 is a cross sectional view about the line C-C 

in Fig. 25. 45 

Fig. 29 is a plan view of a semiconductor laser 
according to a seventh embodiment of the present 
invention. 

50 

Fig. 30 is a cross sectional view about the line A-A 
in Fig. 29. 

Fig. 31 is a cross sectional view about the line B-B 

in Fig. 29. 55 

Fig. 32 is a cross sectional view about the line C-C 
in Fig. 29. 



Fig. 33 is a plan view of a semiconductor laser 
according to an eighth embodiment of the present 
invention. 

Fig. 34 is a cross sectional view about the line A-A 
in Fig. 33. 

Fig. 35 is a cross sectional view about the line B-B 
in Fig. 33. 

Fig. 36 is a cross sectional view about the line C-C 
in Fig. 33. 

Fig. 37 is a plan view of a semiconductor laser 
according to a ninth embodiment of the present 
invention. 

Fig. 38 is a cross sectional view about the line A-A 
in Fig. 37. 

Fig. 39 is a cross sectional view about the line B-B 
in Fig. 37. 

Fig. 40 is a plan view of a semiconductor laser 
according to a tenth embodiment of the present 
invention. 

Fig. 41 is a cross sectional view about the line A-A 
in Fig. 40. 

Fig. 42 is a cross sectional view about the line B-B 
in Fig. 40. 

Fig. 43 is a plan view of a semiconductor laser 
according to an eleventh embodiment of the 
present invention. 

Fig. 44 is a cross sectional view about the line A-A 
in Fig. 43. 

Fig. 45 is a cross sectional view about the line B-B 
in Fig. 43. 

Fig. 46 is a cross sectional view about the line C-C 
in Fig. 43. 

Fig. 47 is a plan view of a semiconductor laser 
according to a twelfth embodiment of the present 
invention. 

Fig. 48 is a cross sectional view about the line A-A 
in Fig. 47. 

Ftg. 49 is a cross sectional view about the line B-B 
in Fig. 47. 

Fig, 50 is a cross sectional view about the line C-C 
in Fig. 47. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[Embodiment 1] 

5 

[0033] Bg. 1 to Fig. 3 show a semiconductor laser 
according to a first embodiment of the present inven- 
tion. Fig. 1 is a plan view of the semiconductor laser, 
Fig. 2 is a cross sectional view about the line A-A in Fig. 
1 , and Fig. 3 is a cross sectional view about the line B- 10 
B in Fig. 1. This semiconductor laser is a buried-heter- 
ostructure (BH) semiconductor laser having 1.55- 
micrometer band. 

[0034] As shown in Fig. 1 , the semiconductor laser 
according to the present embodiment includes a first 15 
multi-mode waveguide 2 formed in a multi-mode 
waveguide region and a single mode waveguide 1 
formed in a single mode waveguide region and coupled 
to a light incident end of the first multi-mode waveguide 
2 - 20 
[0035] The first multi-mode waveguide 2 formed in 
the multi-mode waveguide region is a multi-mode inter- 
ference type waveguide having one input and one out- 
put (hereinafter, referred to as 1x1-MMI.). 
[0036] As for the lengths of the respective regions, 25 
length of the single mode waveguide 1 is about 50 
micrometers, and length of the first multi-mode 
waveguide 2 is about 260 micrometers. The entire 
length of the semiconductor laser is about 310 microm- 
eters. 30 
[0037] As shown in Fig. 2 and Fig. 3, the semicon- 
ductor laser according to the present embodiment 
includes: an n-lnP substrate 21 having a protruded por- 
tion; an n-lnP buffer layer 22, an active layer 23, and a 
p-lnP first cladding layer 24 which are formed in a mesa 35 
shape on the protruded portion of the n-lnP substrate 
21; a p-lnP current blocking layer 25 and an n-lnP cur- 
rent blocking layer 26 which are formed around the 
mesa 30; and a p-lnP second cladding layer 27 and a 
p + -lnGaAs cap layer 28 which are formed on the p-lnP 40 
first cladding layer 24 and the n-lnP current layer 26. 
[0038] As shown in Fig. 2 and Fig. 3, the active 
layer 23 is made from 1 .55-micrometer composition 
InGaAsP. The active layer 23 has a current confinement 
structure surrounded by the p-lnP current blocking layer 45 

25 and the n-lnp current blocking layer 26, and is cov- 
ered with the p-lnP first cladding layer 24, the p-lnP sec- 
ond cladding layer 27, and the p + -lnGaAs cap layer 28. 
[0039] As shown in Fig. 2 and Fig. 3, the p-lnP cur- 
rent blocking layer 25 and the n-lnP current blocking 50 
layer 26 are formed in such a way that only the p-lnP 
current blocking layer 25 is in contact with the side wall 

of the mesa 30 and only the n-lnP current blocking layer 

26 is in contact with the p-lnP second cladding layer 27. 
[0040] Comparison of Fig. 2 with Fig. 3 clarifies that 55 
the single mode waveguide 1 is different from the first 
multi-mode waveguide 2 in width of the waveguide. As 
shown in Rg. 2, the single mode waveguide 1 has a 



waveguide width (W1 ) set to W1 = 2 micrometers. More- 
over, as shown in Fig. 3, the first multi-mode waveguide 
2 has a waveguide width (W2) set to W2 - 1 0 microme- 
ters. 

[0041] Hereinafter, referring to Fig. 4 to Fig. 7, 
explanation will be given on a production method of the 
semiconductor laser according to the present embodi- 
ment. 

[0042] Firstly, as shown in Fig. 4, the n-lnP sub- 
strate 21 is successively covered with the n-lnP buffer 
layer 22, the active layer 23 made from 1 .55-micrometer 
composition InGaAsP, and the p-lnP first cladding layer 
24, using the metal organic vapor phase epitaxy 
(MOVPE) technique. 

The respective layers have thickness values as follows: 
the n-lnP buffer layer is set to a bout 1 00 nm, the 1 .55- 
micrometer InGaAsP active layer 23 is set to about 100 
nm, and the p-lnP first cladding layer 24 is set to about 
100 nm. 

Next, the ordinary photolithography method and wet 
etching method are used to form a mesa-shaping mask 
31 on the p-lnP first cladding layer 24. 
[0043] Next, as shown in Fig. 5, the reactive ion 
etching (RIE) technique is used to remove a portion of 
the p-lnP first cladding layer 24, the 1 .55-micrometer 
InGaAsP active layer 23, the n-lnP buffer layer 22, and 
the n-lnP substrate 21 , thus forming a mesa 30. 
[0044] Next, as shown in Fig. 6, using the MOVPE 
technique, the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26 are formed around the 
mesa 30. These current blocking layer 25 and 26 are 
formed in such a manner that only the p-lnP current 
blocking layer 25 is in contact with the side wall of the 
mesa 30 and only the n-lnP current blocking layer 26 is 
exposed outside. 

[0045] Each of the p-lnP current blocking layer 25 
and the n-lnP current blocking layer 26 has a thickness 
of about 1 micrometer. 

[0046] Next, the mesa-shaping mask 31 is removed 
by buffered hydrofluoric acid. 

[0047] After this, as shown in Fig. 7, the p-lnP first 
cladding layer 24 and the n-lnP current blocking layer 26 
are covered with the p-lnP second cladding layer 27 and 
then with the p + -lnGaAs cap layer 28 using the MOVPE 
technique. 

[0048] Next, the back surface of the n-lnP substrate 
21 is polished. 

[0049] Next, a rear electrode and a front electrode 
are formed using the ordinary sputtering method. 
[0050] After an element is cleaved, the cleaved 
facet of the side of the single mode waveguide 1 is 
coated with an ordinary half reflection (HR) coating, and 
the cleaved facet of the light emitting side is coated with 
an a nti- reflective (AR) coating. 

[0051 ] Thus, production procedure of the embodied 
semiconductor laser according to the present embodi- 
ment is completed. 

[0052] The semiconductor laser according to the 
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present embodiment is a laser oscillating a single mode, 
which can achieve a high output compared to a conven- 
tional single mode laser and improve the COD level. 
Furthermore the semiconductor laser according to the 
present embodiment can improve the spatial hole burn- 
ing compared to a conventional laser having using a 
multi-mode waveguide having a flare structure. Moreo- 
ver, the semiconductor laser has an excellent mode sta- 
bility and does not cause efficiency lowering due to a 
mode conversion loss. Hereinafter, explanation will be 
given on the principle explaining these merits. 
[0053] The semiconductor laser according to the 
present embodiment, as shown in Fig. 1 , is designed as 
1x1 -MM I. having the first multi-mode waveguide 2. That 
is, the first multi-mode waveguide 2 is a quasi-single 
mode waveguide in which only the single mode light 
propagates at the both facets in spite of the multi-mode 
waveguide. 

[0054] Fig. 8 and Fig. 9 show simulation results of 
configuration of the semiconductor laser according to 
the present embodiment using two-dimensional beam 
propagation technique. Fig. 8 shows a simulation result 
of the first multi-mode waveguide 2 having the 1x1 -MM I. 
configuration in the semiconductor laser according to 
the present embodiment. 

[0055] Fig. 9 shows, for comparison, a simulation 
result of a multi-mode waveguide having a conventional 
flare structure. 

[0056] Referring to Fig. 8, single mode light which 
has propagated through the single mode waveguide 1 is 
introduced into multi-mode in the region of the first 
multi-mode waveguide 2 and again identically imaged 
as a single mode at the end of the first multi-mode 
waveguide 2. 

[0057] On the other hand, referring to Fig. 9, in the 
conventional multi-mode waveguide having the flare 
structure, the mode conversion of the single mode itseff 
is performed as the single mode light advances in the 
waveguide and the single mode is output at the end. 
[0058] As shown in Fig. 8, if a regular single mode 
waveguide is coupled to one end of a multi-mode 
waveguide, oscillation is performed in a single mode 
even if the light output facet is constituted by a facet of 
the multi-mode waveguide. 

[0059] In such oscillation, the first multi-mode 
waveguide 2 is a main pumping light region. This first 
multi-mode waveguide 2 is wider than the single mode 
waveguide 1 and accordingly, the active layer 23 has an 
improved gain saturation level compared to the ordinary 
single mode semiconductor laser. Thus, it is possible to 
achieve a high output. 

[0060] Moreover, in the semiconductor laser 
according to the present embodiment, the light output 
facet is also constituted by the wide first multi-mode 
waveguide 2. 

[0061] Accordingly, in comparison to the ordinary 
single mode semiconductor laser, the light density is 
lowered at the light output facet even if the same light 



intensity, which improves the COD level. 
[0062] Furthermore, in the semiconductor laser 
according to the present embodiment,, the output mode 
can be controlled independently by the single mode 

s waveguide 1 , and the multi-mode waveguide 2 formed 
as the 1x1 -MMI. does not operate as 1x1 -MMI. for odd 
modes according to the MMI. theory. That is, no odd 
modes are excited. Accordingly, the spatial hole burning 
is not easily caused in comparison to the conventional 

w semiconductor laser utilizing the multi-mode waveguide 
having the flare shape as shown in Fig. 9. As a result, it 
is possible to realize a semiconductor laser having an 
excellent mode stability. 

In addition to the aforementioned, the semiconductor 
is laser according to the present embodiment uses the 
multi-mode waveguide 2 performing the MMI. operation 
and accordingly, no mode conversion loss is generated 
in principle. 

[0063] Accordingly, the semiconductor laser 
20 according to the present embodiment does not cause 
efficiency lowering as is observed in the conventional 
semiconductor laser utilizing the flare structure. 
[0064] Moreover, the layer configuration of the sem- 
iconductor laser according to the present embodiment 
25 is equivalent to the layer configuration of an ordinary 
semiconductor laser and can be produced by the ordi- 
nary semiconductor laser production procedure. That is, 
the semiconductor laser according to the present 
embodiment can be produced comparatively easily by 
30 the established production method with a high repro- 
ducibility and a high yield. 

[0065] Moreover, the semiconductor laser of the 
present embodiment has a comparatively simple config- 
uration and can easily be applied to an integrated opti- 

35 cal device. It should be noted that the present (first) 
embodiment and the following second to eighth embod- 
iments are assumed to have a simple buried-heter- 
ostructure. However, the embodiments are not to be 
limited to the buried-heterostructure and can be applied 

40 to the other layer configuration such as ridge structure 
or double channel planner buried-heterostructure (DC- 
PBH) having an excellent current confinement, 
[0066] Moreover, in the present embodiment, the 
laser wavelength is set to the 1 .55-micrometer band but 

45 the laser wavelength is not to be limited to this value. 
For example, the laser wavelength may be in a visible 
light region or 0.98 micrometer band or other near infra- 
red light band. 

[0067] Furthermore, the active layer 23 in the 
so present embodiment has a bulk structure, but the active 
layer 23 can also have a multiple quantum well (MQW) 
structure. 

[0068] Moreover, with respect to the production 
method, in the present embodiment and the second to 
55 the eighth embodiments which will be detailed later, the 
MOVPE technique is used for crystal growth and the 
RIE technique is used for formation of the mesa 30. 
However, the production method is not to be limited to 
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this. For example, the molecular beam epitaxy (MBE) 
method can be used for crystal growth and wet etching 
can be used for formation of the mesa 30. 

[Embodiment 2] 

[0069] Fig. 10 to Fig. 12 show a semiconductor 
laser according to a second embodiment of the present 
invention. Fig. 10 is a plan view of the semiconductor 
laser according to the present embodiment, Fig. 1 1 is a 
cross sectional view about the line A-A in Fig. 10, and 
Fig. 12 is a cross sectional view about the line B-B in 
Fig. 10. The semiconductor laser according to the 
present embodiment is a buried-heterostructure (BH) 
type and has a 1 .55-micrometer band. 
[0070] As shown in Fig. 1 0, the semiconductor laser 
according to the second embodiment includes: a first 
multi-mode waveguide 2 formed in a multi-mode 
waveguide region; a single mode waveguide 1 formed 
at the light incident side of the first multi-mode 
waveguide 2 in a single mode waveguide region; and a 
tapered waveguide 3 connecting the single mode 
waveguide 1 to the first muftimode waveguide2. 
[0071] The first multi-mode waveguide 2 formed in 
the multi-mode waveguide region is constituted as one 
input and one output type multi-mode interference type 
(1x1-MMI.). The respective regions have length as fol- 
lows: length of the single mode waveguide 1 is about 50 
micrometers, length of the first multi-mode waveguide 2 
is about 260 micrometers, length of the tapered 
waveguide 3 is about 50 micrometers, and the entire 
length of the semiconductor laser is about 360 microm- 
eters. 

[0072] As shown in Fig. 11 and Fig. 12, the semi- 
conductor laser according to the present embodiment 
includes: an n-lnP substrate 21 having a protruding por- 
tion; an n-lnP buffer layer 22, an active layer 23, and a 
p-lnP first cladding layer 24 which are formed in a mesa 
shape on the protruding portion of the n-lnP substrate 
21; a p-lnp current blocking layer 25 and an n-lnP cur- 
rent blocking layer 26 layered around the mesa 30; and 
a p-lnP second cladding layer 27 and a p + -lnGaAs cap 
layer 28 which are layered on the p-lnP first cladding 
layer 24 and the n-lnP current blocking layer 26. As 
shown in Fig. 1 1 and Fig. 12, the active layer 23 is made 
from 1 .55-micrometer composition InGaAsP and has a 
current confinement structure defined by the p-lnP cur- 
rent blocking layer 25 and the n-lnP current blocking 
layer 26. The active layer 23 is covered by the p-lnP first 
cladding layer 24, the p-lnP second cladding layer 27 
and the p + -lnGaAs cap layer 28. 

[0073] As shown in Fig. 11 and Fig. 12, the p-lnP 
current blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 
layer 26 is in contact with the p-lnP second cladding 
layer 27. A comparison of Fig. 11 with Fig. 12 clarifies 



that the difference between the single mode waveguide 
1 and the first multi-mode waveguide 2 is only the 
waveguide width. As shown in Fig. 1 1 , the single mode 
waveguide 1 has a waveguide width (W1) set to Wi = 2 

5 micrometers, and as shown in Fig. 12, the first multi- 
mode waveguide width (W2) is set to W2 = 10 microm- 
eters. As for the tapered waveguide 3, its width is 2 
micrometers, i.e., identical to the single mode 
waveguide 1 , at the end coupled to the single mode 

10 waveguide 1. and the width at the end coupled to the 
first multi-mode waveguide 2 is W3 = 3.5 micrometers. 
[0074] The production method of the semiconduc- 
tor laser according to the present embodiment is identi- 
cal to the production method of the semiconductor laser 

15 according to the first embodiment. 

[0075] The semiconductor laser according to the 
present embodiment is a laser oscillating a single mode 
which can achieve a high output compared to a conven- 
tional single mode laser and improve the COD level. 

20 Furthermore, the semiconductor laser according to the 
present embodiment can improve the spatial hole burn- 
ing compared to a conventional laser using a multi- 
mode waveguide having a flare structure. Moreover, the 
semiconductor laser has an excellent mode stability and 

25 does not cause efficiency lowering due to a mode con- 
version loss. Furthermore, the semiconductor laser 
according to the present embodiment can improve cou- 
pling efficiency with an optical fiber. Hereinafter, expla- 
nation will be given on the principle explaining these 

30 merits. 

[0076] As shown in Fig. 1 0, the semiconductor laser 
according to the present embodiment, compared to the 
semiconductor laser according to the first embodiment, 
has a tapered waveguide region 3 between the single 
35 mode waveguide 1 . and the first mufti-mode waveguide 
2. 

[0077] Thus, like the first embodiment, the present 
embodiment has a structure including the multi-mode 
waveguide 2 and accordingly, it is possible to improve 

40 the gain saturation level of the active layer 23 compared 
to an ordinary single mode semiconductor laser. 
[0078] Moreover, in the semiconductor laser 
according to the present embodiment, like in the first 
embodiment, the light output facet is constituted by the 

45 facet of the multi-mode waveguide 2. This improves the 
COD (catastrophic optical damage) level compared to 
an ordinary semiconductor laser using a single mode 
waveguide. 

[0079] Furthermore, in the semiconductor laser 
so according to the present embodiment, its output mode 
can be controlled independently by the single mode 
waveguide 1, and the multi-mode waveguide 2 formed 
as the 1x1 -MM I. in this embodiment does not operate 
as the 1 x1 -MM I. for the odd mode according to the MMI. 
55 theory. That is, no odd modes are excited. 

[0080] Accordingly, the spatial hole burning is not 
easily caused compared to the conventional semicon- 
ductor laser utilizing the multi-mode waveguide having 



8 



15 



EP 1 052 747 A2 



16 



the flare structure as shown in Fig. 9. This enables to 
realize a semiconductor laser having an excellent mode 
stability. 

[0081] In addition to the aforementioned, the semi- 
conductor laser according to the present embodiment 
uses the multi-mode waveguide 2 performing the MMI. 
operation and accordingly, no mode conversion loss is 
generated in principle. 

[0082] Accordingly, the semiconductor laser 
according to the present embodiment does not cause 
efficiency lowering as is observed in the conventional 
semiconductor laser utilizing the flare structure. 
[0083] Furthermore, the semiconductor laser 
according to the present embodiment has such a struc- 
ture that the tapered waveguide 3 is inserted between 
the single mode waveguide 1 and the multi-mode 
waveguide 2. Accordingly, it is possible to reduce the 
coupling loss (through very little) between the single 
mode waveguide 1 and the first multi-mode waveguide 
2 almost to 0 dB. 

[0084] It should be noted that in the present embod- 
iment, afthough the tapered waveguide 3 is imple- 
mented, the region of the waveguide 3 is very small. 
Accordingly, almost no mode conversion loss is caused 
and the mode stability can be maintained by the no odd 
mode pumping condition in the MMI. region. 
[0085] Moreover, the tapered waveguide 3 widens 
the optical field at the light output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 
with the single mode optical fiber is improved. 
[0086] Fig. 13 is a graphic view showing a far-field 
pattern of width W1 = 2 micrometers calculated when a 
light is emitted by the ordinary single mode waveguide, 
whereas Fig. 14 is a graphic view showing a far-field 
pattern calculated when light is emitted at the facet of 
the multi-mode waveguide 2 coupled to the tapered 
waveguide 3 according to the present embodiment. 
[0087] A comparison of Fig. 13 with Fig. 14 clarifies 
that in the semiconductor laser according to the present 
embodiment, the half value width of the far-field pattern 
is improved from 24 degrees to 17 degrees. This 
improves the coupling loss with the single mode optical 
fiber by about 1 dB. 

[0088] Moreover, the layered configuration of the 
semiconductor laser according to the present embodi- 
ment is equivalent to the layered configuration of an 
ordinary semiconductor laser. Accordingly, like the first 
embodiment, the semiconductor laser according to the 
present embodiment can be produced by the same pro- 
duction procedure of the ordinary semiconductor laser. 
That is, the semiconductor laser according to the 
present embodiment can be produced comparatively 
easily by using only the established production method, 
i.e., with a high repeatability and yield. 
[0089] Moreover, since the semiconductor laser 
according to the present embodiment has a compara- 
tively simple configuration, it can also be applied to an 
integrated optical device. 



[Embodiment 3] 

[0090] Fig. 15 to Fig. 17 show a semiconductor 
laser according to a third embodiment of the present 

5 invention. Fig. 15 is a plan view of the semiconductor 
laser according to the present embodiment, Fig. 16 Is a 
cross sectional view about the line A-A in Fig. 15, and 
Fig. 17 is a cross sectional view about the line B-B in 
Fig. 15. The semiconductor laser according to the 

w present embodiment has a buried heterostructure (BH) 
with a 1.55-micrometer band. 

[0091 ] As shown in Fig. 1 5, the semiconductor laser 
according to the present embodiment includes a first 
multi-mode waveguide 2 formed in a multi-mode 
15 waveguide region and a single mode waveguide 1 
formed in a single mode waveguide region and coupled 
to the light incident end of the first multi-mode 
waveguide 2. 

[0092] The first multi-mode waveguide 2 formed in 
20 the multi-mode waveguide region is formed as a 1x2- 
MML The single mode waveguide 1 has a length of 
about 50 micrometers, the first multi-mode waveguide 2 
has a length of about 460 micrometers, and the entire 
length of the semiconductor laser is about 51 0 microm- 
25 eters. 

[0093] As shown in Fig. 16 and Fig. 17, the semi- 
conductor laser according to the present embodiment 
includes: an n-lnP substrate 21 having a protruding por- 
tion; an n-!nP buffer layer 22, an active layer 23, and a 

30 p-lnP first cladding layer 24 which are formed in a mesa 
shape on the protruding portion of the n-lnP substrate 
21; a p-lnp current blocking layer 25 and an n-lnP cur- 
rent blocking layer 26 layered around the mesa 30; and 
a p-lnP second cladding layer 27 and a p + -lnGaAs cap 

35 layer 28 which are layered on the p-lnP first cladding 
layer 24 and the n-lnP current blocking layer 26. 
[0094] As shown in Fig. 16 and Fig. 17, the active 
layer 23 is made from 1 .55-micrometer composition 
InGaAsP and has a current confinement structure 

40 defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. The active layer 23 is cov- 
ered by the p-lnP first cladding 24, the p-lnP second 
cladding layer 27 and the p + -ln GaAs cap layer 28. 
[0095] As shown in Fig. 16 and Fig. 17, the p-lnP 

45 current blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 
layer is in contact with the p-lnP second cladding layer 

so 27. 

[0096] A comparison of Fig. 16 with Fig. 1 7 clarifies 
that the difference between the single mode waveguide 
1 and the first multi-mode waveguide 2 is only the 
waveguide width. As shown in Fig. 1 6, the single mode 
55 waveguide 1 has a waveguide width (W1 ) set to W1 =2 
micrometers, and as shown in Fig. 17, the first multi- 
mode waveguide width (W2) is set to W2 ~ 20 microm- 
eters. 
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[0097] The production method of the semiconduc- 
tor laser according to the present embodiment is identi- 
cal to the production method of the semiconductor laser 
according to the first embodiment. 

[0098] The semiconductor laser according to the 5 
present embodiment is a laser oscillating a single mode, 
which can achieve a high output compared to a conven- 
tional single mode laser and improve the COD. Further- 
more, the semiconductor laser according to the present 
embodiment can improve the spatial hole burning com- 10 
pared to a conventional laser using a multi-mode 
waveguide having a flare structure. Moreover, the semi- 
conductor laser has an excellent mode stability and 
does not cause efficiency lowering due to a mode con- 
version loss. Hereinafter, explanation will be given on 75 
the principle explaining these merits. 
[0099] In the semiconductor laser according to the 
present embodiment, the first multi-mode waveguide 2 
is designed as a 1x2-MMI.. Moreover, the first multi- 
mode waveguide 2 is connected to two single mode 20 
waveguides 1 . Accordingly, at the other facet, i.e., the 
light output end of the first multi-mode waveguide 2, it is 
possible to obtain a single mode oscillation. 
[0100] Thus, like the first embodiment, the present 
embodiment has a structure including the multi-mode 25 
waveguide 2 and accordingly, it is possible to improve 
the gain saturation level of the active layer 23 compared 
to an ordinary single mode semiconductor laser. 
[0101] Moreover, in the semiconductor laser 
according to the present embodiment, like in the first 30 
embodiment, the light output facet is constituted by the 
facet of the multi-mode waveguide 2. This improves the 
COD (catastrophic optical damage) level compared to 
an ordinary semiconductor laser using a single mode 
waveguide. 35 
[0102] Furthermore, in the semiconductor laser 
according to the present embodiment, its output mode 
can be controlled independently by the single mode 
waveguide 1 , and in this embodiment no odd mode is 
caused. Accordingly, the spatial hole burning is not eas- 40 
ily caused compared to the conventional semiconductor 
laser utilizing the multi-mode waveguide having the flare 
structure as shown in Fig. 9. This enables to realize a 
semiconductor laser having an excellent mode stability. 
[0103] In addition to the aforementioned, the semi- 45 
conductor laser according to the present embodiment 
uses the multi-mode waveguide 2 performing the MMI. 
operation and accordingly, no mode conversion loss is 
generated in principle. 

[0104] Accordingly, the semiconductor laser so 
according to the present embodiment does not cause 
efficiency lowering as is observed in the conventional 
semiconductor laser utilizing the flare structure. 
[0105] Moreover, the layered configuration of the 
semiconductor laser according to the present embodi- 55 
ment is equivalent to the layered configuration of an 
ordinary semiconductor laser. Accordingly, like the first 
embodiment, the semiconductor laser according to the 



present embodiment can be produced by the same pro- 
duction procedure of the ordinary semiconductor laser. 
That is, the semiconductor laser according to the 
present embodiment can be produced by using only the 
established production method, i.e., with a high repeat- 
ability and yield. 

[0106] Moreover, since the semiconductor laser 
according to the present embodiment has a compara- 
tively simple configuration, it can also be applied to an 
integrated optical device. 

[Embodiment 4] 

[0107] Fig. 18 to Fig. 20 show a semiconductor 
laser according to a fourth embodiment of the present 
invention. Fig. 18 is a plan view of the semiconductor 
laser according to the present embodiment, Fig. 1 9 is a 
cross sectional view about the line A-A in Fig. 18, and 
Fig. 20 is a cross sectional view about the line B-B in 
Fig. 18. The semiconductor laser according to the 
present embodiment is a buried-heterostructure (BH) 
type and has a 1 .55-micrometer band. 
[01 08] As shown in Fig. 1 8, the semiconductor laser 
according to the present embodiment includes: a first 
multi-mode waveguide 2 formed in a multi-mode 
waveguide region; a single mode waveguide 1 formed 
at the light incident end of the first multi-mode 
waveguide 2, in a single mode waveguide region; and a 
tapered waveguide 3 coupling the first multi-mode 
waveguide 2 to the single mode waveguide 1. 
[0109] The first multi-mode waveguide 2 formed in 
the multi-mode waveguide region is constituted as 1x2- 
MML The respective regions have length as follows: the 
single mode waveguide 1 is about 50 micrometers long, 
the first multi-mode waveguide 2 is about 460 microme- 
ters, the tapered waveguide 3 is about 50 micrometers, 
and the entire length of the semiconductor laser is about 
560 micrometers. As shown in Fig. 19 and Fig. 20, the 
semiconductor laser according to the present embodi- 
ment includes: an n-lnP substrate 21 having a protrud- 
ing portion; an n-lnP buffer layer 22, an active layer 23, 
and a p-lnP first cladding layer 24 which are formed in a 
mesa shape on the protruding portion of the n-lnP sub- 
strate 21 ; a p-lnP current blocking layer 25 and an n-lnP 
current blocking layer 26 layered around the mesa 30; 
and p-lnP second cladding layer 27 and p + -lnGaAs cap 
layer 28 which are layered on the p-lnP first cladding 
layer 24 and the n-lnP current blocking layer 26. 
[0110] As shown in Fig. 19 and Fig. 20, the active 
layer 23 is made from 1 .55-micrometer composition 
InGaAsP and has a current confinement structure 
defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. The active layer 23 is cov- 
ered by the p-lnP first cladding layer 24, the p-lnP sec- 
ond cladding layer 27 and the p + -lnGaAs cap layer 28. 
[0111] As shown in Fig. 19 and Fig. 20. the p-lnP 
current blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
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current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 
layer is in contact with the p-lnP second cladding layer 
27. 

A comparison of Fig. 1 9 with Fig. 20 clarifies that the dif- 5 
ference between the single mode waveguide 1 and the 
first multi-mode waveguide 2 is only the waveguide 
width. As shown in Fig. 19, the single mode waveguide 
1 has a waveguide width (W1) set to W1 =2 microme- 
ters, and as shown in Fig. 20, the first multi-mode w 
waveguide 2 width (W2) is set to W2 = 20 micrometers. 
As for the tapered waveguide 3, its width is 2 microme- 
ters, i.e., identical to the single mode waveguide 1, at 
the end coupled to the single mode waveguide 1 and 
the width at the end coupled to the first multi-mode 15 
waveguide 2 is W3 = 3.5 micrometers. 
[0112] The production method of the semiconduc- 
tor laser according to the present embodiment is identi- 
cal to the production method of the semiconductor laser 
according to the first embodiment. 20 
[0113] The semiconductor laser according to the 
present embodiment is a laser oscillating a single mode, 
which can achieve a high output compared to a conven- 
tional single mode laser and improve the COD level. 
Furthermore, the semiconductor laser according to the 25 
present embodiment can improve the spatial hole burn- 
ing compared to a conventional laser using a multi- 
mode waveguide having a fiare structure. Moreover, the 
semiconductor laser has an excellent mode stability and 
does not cause efficiency lowering due to a mode con- 30 
version loss. Furthermore, the semiconductor laser 
according to the present embodiment can improve cou- 
pling efficiency with an optical fiber. Hereinafter, expla- 
nation will be given on the principle explaining these 
merits. In the semiconductor laser according to the 35 
present embodiment, like in the third embodiment, the 
first multi-mode waveguide 2 is designed as 1x2- MM I.. 
Moreover, the first multi-mode waveguide 2 is con- 
nected to two single mode waveguides 1 via tapered 
waveguides 3. Accordingly, at the other facet of the first 40 
multi-mode waveguide 2, i.e., at the light output facet, it 
is possible to obtain a single mode oscillation. 
[0114] The semiconductor laser according to the 
present embodiment, like the first embodiment, has a 
structure including the multi-mode waveguide 2 and 45 
accordingly, it is possible to improve the gain saturation 
level of the active layer 23 compared to an ordinary sin- 
gle mode semiconductor laser. 

[0115] Moreover, in the semiconductor laser 
according to the present embodiment, like in the first so 
embodiment, the light output facet is constituted by the 
facet of the multi-mode waveguide 2. This improves the 
COD (catastrophic optical damage) level compared to 
an ordinary semiconductor laser using a single mode 
waveguide. 55 
[0116] Furthermore, in the semiconductor laser 
according to the present embodiment, its output mode 
can be controlled independently by the single mode 



waveguide 1, and no odd modes are excited. Accord- 
ingly, the spatial hole burning is not easily caused com- 
pared to the conventional semiconductor laser utilizing 
the multi-mode waveguide having the flare structure. 
This enables to realize a semiconductor laser having an 
excellent mode stability. 

[0117] In addition to the aforementioned, the semi- 
conductor laser according to the present embodiment 
uses the multi-mode waveguide 2 performing the MMI. 
operation and accordingly, no mode conversion loss is 
generated in principle. 

[0118] Accordingly, the semiconductor laser 
according to the present embodiment does not cause 
efficiency lowering as is observed in the conventional 
semiconductor laser utilizing the flare structure. 
[0119] Furthermore, the semiconductor laser 
according to the present embodiment has such a struc- 
ture that the tapered waveguide 3 is inserted between 
the single mode waveguide 1 and the multi-mode 
waveguide 2. Accordingly, it is possible to reduce the 
coupling loss (through very little) between the single 
mode waveguide 1 and the first multi-mode waveguide 
2 almost to 0 dB. 

[0120] it should be noted that in the present embod- 
iment, although the tapered waveguide 3 is imple- 
mented, the region of the waveguide 3 is very small. 
Accordingly, almost no mode conversion loss is caused 
and the mode stability can be maintained by the no odd 
mode pumping condition in the MMI. region. 
[0121] Moreover, the tapered waveguide 3 widens 
the optical field at the fight output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 
with the single mode optical fiber is improved. 
[0122] Moreover, the layered configuration of the 
semiconductor laser according to the present embodi- 
ment is equivalent to the layered configuration of an 
ordinary semiconductor laser. Accordingly, like the first 
embodiment, the semiconductor laser according to the 
present embodiment can be produced by the same pro- 
duction procedure of the ordinary semiconductor laser. 
That is, the semiconductor laser according to the 
present embodiment can be produced comparatively 
easily by using only an established production method, 
i.e., with a high repeatability and yield. Moreover, since 
the semiconductor laser according to the present 
embodiment has a comparatively simple configuration, 
it can also be applied to an integrated optical device. 

[Embodiment 5] 

[0123] Fig. 21 to Fig. 24 show a semiconductor 
laser according to a fifth embodiment of the present 
invention. Fig. 21 is a plan view of the semiconductor 
laser according to the present embodiment, Fig. 22 is a 
cross sectional view about the line A- A in Fig. 21 , Fig. 
23 is a cross sectional view about the line B-B in Fig. 21 , 
and Fig. 24 is a cross sectional view about the line C-C 
in Fig 21. The semiconductor laser according to the 
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present embodiment is a buried-hete restructure (BH) 
type and has a 1.55-micrometer band. 
[01 24] As shown in Fig. 21 , the semiconductor faser 
according to the present embodiment includes: a first 
multi-mode waveguide 2 formed in a multi-mode 5 
waveguide region; a single mode waveguide 1 formed 
at in a single mode waveguide region; a tapered 
waveguide 3 connecting the single mode waveguide 1 
to the first multi-mode waveguide 2; and a second multi- 
mode waveguide 4 formed to be coupled to the first w 
multi-mode waveguide 2 at the light incident side of the 
first multi-mode waveguide 2. 

[0125] The first multi-mode waveguide 2 formed in 
the multi-mode waveguide region is constituted as a 
one-input one-output interference type waveguide (1x1- 75 
MM I.). Moreover, the second multi- waveguide region 4 
is designed as a secondary mode cleaved waveguide. 
[0126] The respective regions have length as fol- 
lows: the single mode waveguide 1 has a length of 
about 50 micrometers, the first multi-mode waveguide 2 20 
has a length of about 260 micrometers, the tapered 
waveguide 3 has a length of about 50 micrometers, the 
second multi-mode waveguide 4 has a length of about 
50 micrometers, and the entire length of the semicon- 
ductor laser is about 41 0 micrometers. 25 
[0127] As shown in Fig. 22 to Fig. 24, the semicon- 
ductor laser according to the present embodiment 
includes: an n- In P substrate 21 having a protruding por- 
tion; an n-lnP buffer layer 22, an active layer 23, and a 
p-lnP first cladding layer 24 which are formed in a mesa 30 
shape on the protruding portion of the n-lnP substrate 
21; a p-lnP current blocking layer 25 and an n-lnP cur- 
rent blocking layer 26 layered around the mesa 30; and 
p-lnP second cladding layer 27 and p + -lnGaAs cap 
layer 28 which are layered on the p-lnP first cladding 35 
layer 24 and the n-lnP current blocking layer 26. 
[0128] As shown in Fig. 22 to Fig. 24, the active 
layer 23 is made from 1.55-micrometer composition 
InGaAsP and has a current confinement structure 
defined by the p-lnP current blocking layer 25 and the n- 40 
InP current blocking layer 26. 

[0129] The active layer 23 is covered by the p-lnP 
first cladding layer 24, the p-lnP second cladding layer 
27 and the p + -lnGaAs cap layer 28. 

[0130] As shown in Fig. 22 to Fig. 24, the p-lnP cur- 45 
rent blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 
layer 26 is in contact with the p-lnP second cladding so 
layer 27. 

[0131] A comparison of Fig. 22 with Fig. 23 and Fig. 
24 clarifies that the difference between the single mode 
waveguide 1 , the first multi-mode waveguide 2, and the 
second multi-mode waveguide 4 is only the waveguide 55 
width. As shown in Fig. 22, the single mode waveguide 
1 has a waveguide width (W1 ) set to W1 = 2 microme- 
ters, and as shown in Fig. 23, the first multi-mode 



waveguide 2 width (W2) is set to W2 = 10 micrometers. 
As for the tapered waveguide 3, its width is 2 microme- 
ters, i.e., identical to the single mode waveguide 1, at 
the end coupled to the single mode waveguide 1 and 
the width at the end coupled to the first multi-mode 
waveguide 2 is W3 = 3.5 micrometers. Moreover, as 
shown in Fig. 24, the second multi-mode waveguide 4 
has a width (W4) set to W4 = 3.5 micrometers. 
[0132] The production method of the semiconduc- 
tor laser according to the present embodiment is identi- 
cal to the production method of the semiconductor laser 
according to the first embodiment. 
[0133] The semiconductor laser according to the 
present embodiment is a laser oscillating a single mode, 
which can achieve a high output compared to a conven- 
tional single mode laser and improve the COD level. 
Furthermore, the semiconductor laser according to the 
present embodiment can improve the spatial hole burn- 
ing compared to a conventional laser using a multi- 
mode waveguide having a flare structure. Moreover, the 
semiconductor laser according to the present embodi- 
ment has an excellent mode stability and does not 
cause efficiency lowering due to a mode conversion 
loss. 

[0134] Furthermore, the semiconductor laser 
according to the present embodiment can improve cou- 
pling efficiency with an optical fiber. Hereinafter, expla- 
nation will be given on the principle explaining these 
merits. 

[0135] The semiconductor laser according to the 
present embodiment is identical to the semiconductor 
laser according to the second embodiment except for 
that the second multi-mode region 4 is added. 
[0136] Thus, the semiconductor laser according to 
the present embodiment includes the multi-mode 
waveguide 2 like the second embodiment and accord- 
ingly, can improve the gain saturation level of the active 
layer 23 compared to an ordinary single mode semicon- 
ductor laser. 

Moreover, in the semiconductor laser according to the 
present embodiment, like in the first embodiment, the 
light output facet is constituted by the facet of the sec- 
ond multi-mode waveguide 4 which is the multi-mode 
waveguide. This improves the COD (catastrophic opti- 
cal damage) level compared to an ordinary semicon- 
ductor laser using a single mode waveguide. 
Furthermore, in the semiconductor laser according to 
the present embodiment, its output mode can be con- 
trolled independently by the single mode waveguide 1 , 
and the multi -mode waveguide 2 formed as 1x1 -MM I., 
according to the MM I. theory, does not operate 1x1- 
MMI. for the odd modes. That is, no odd modes are 
excited. Accordingly, the spatial hole burning is not eas- 
ily caused compared to the conventional semiconductor 
laser utilizing the multi-mode waveguide having the flare 
structure as shown in Fig. 9. This enables to realize a 
semiconductor laser having an excellent mode stability. 
[0137] In addition to the aforementioned, the semi- 
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conductor laser according to the present embodiment 
uses the multi-mode waveguides 2 and 4 performing the 
MM I. operation and accordingly, no mode conversion 
loss is generated in principle. Accordingly, the semicon- 
ductor laser according to the present embodiment does 
not cause efficiency lowering as is observed in the con- 
ventional semiconductor laser utilizing the flare struc- 
ture. 

[0138] Furthermore, the semiconductor laser 
according to the present embodiment has such a struc- 
ture that the tapered waveguide 3 is inserted between 
the single mode waveguide 1 and the first multi-mode 
waveguide 2. Accordingly, it is possible to reduce the 
coupling loss (though very little) between the single 
mode waveguide 1 and the first multi-mode waveguide 
2 almost to 0 dB. 

[0139] It should be noted that in the present embod- 
iment, although the tapered waveguide 3 is imple- 
mented, the region of the waveguide 3 is very small. 
Accordingly, almost no mode conversion loss is caused 
and the mode stability can be maintained by the no odd 
mode pumping condition in the MMI. region. 
[0140] Moreover, the tapered waveguide 3 widens 
the optical field at the light output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 
with the single mode optical fiber is improved. 
[0141] Moreover, in the semiconductor laser 
according to the present embodiment, the light output 
facet is constituted by the second mode cleaved 
waveguide (second multi-mode waveguide) 4 which is 
different from the first multi-mode waveguide 2 in which 
the light output facet is a main pumping region. Accord- 
ingly, the tolerance for the cutting position is mitigated, 
facilitating a production procedure. It should be noted 
that since the first multi-mode waveguide 2 is designed 
in such a manner that no odd modes are excited. 
[0142] Accordingly, even if the second multi-mode 
waveguide 4 is used as a waveguide of the output side, 
only the single mode is output without deteriorating the 
mode stability. Moreover, the layered configuration of 
the semiconductor laser according to the present 
embodiment is equivalent to the layered configuration of 
an ordinary semiconductor laser. Accordingly, like the 
first embodiment, the semiconductor laser according to 
the present embodiment can be produced by the same 
production procedure of the ordinary semiconductor 
laser. That is, the semiconductor laser according to the 
present embodiment can be produced comparatively 
easily by using only an established production method, 
i.e., with a high repeatability and yield. Moreover, since 
the semiconductor laser according to the present 
embodiment has a comparatively simple configuration, 
it can also be applied to an integrated optical device. 

[Embodiment 6] 

[0143] Fig. 25 to Fig. 28 show a semiconductor 
laser according to a sixth embodiment of the present 



invention. Fig. 25 is a plan view of the semiconductor 
laser according to the present embodiment, Fig. 26 is a 
cross sectional view about the line A-A in Fig. 25, Fig. 

27 is a cross sectional view about the line B-B in Fig. 25, 
5 and Fig. 28 is a cross sectional view about the line C-C 

in Fig 25. The semiconductor laser according to the 
present embodiment is a buried-heterostructure (BH) 
type and has a 1.55-micrometer band. 
[01 44] As shown in Fig. 25, the semiconductor laser 

10 according to the present embodiment includes: a first 
multi-mode waveguide 2 formed in a multi-mode 
waveguide region; a single mode waveguide 1 formed in 
a single mode waveguide region; a tapered waveguide 
3 connecting the single mode waveguide to the first mul- 

15 timode waveguide 2; and a second multi-mode 
waveguide 4 formed to be coupled to the first multi- 
mode waveguide 2 at the light incident side of the first 
multi-mode waveguide 2. 

[0145] The first multi-mode waveguide 2 formed in 

20 the multi-mode waveguide region is constituted as 1x2- 
MML Moreover, the second multi-waveguide region 4 is 
designed as a secondary mode cleaved waveguide. 
[0146] The respective regions have length as fol- 
lows: the single mode waveguide 1 has a length of 

25 about 50 micrometers, the first multi-mode waveguide 2 
has a length of about 460 micrometers, the tapered 
waveguide 3 has a length of about 50 micrometers, the 
second multi-mode waveguide 4 has a length of about 
50 micrometers, and the entire length of the semicon- 

30 ductor laser is about 610 micrometers. 

[0147] As shown in Fig. 25 to Fig. 28, the semicon- 
ductor laser according to the present embodiment 
includes: an n-lnP substrate 21 having a protruding por- 
tion; an n-lnP buffer layer 22, an active layer 23, and a 

35 p-lnP first cladding layer 24 which are formed in a mesa 
shape on the protruding portion of the n-lnP substrate 
21; a p-lnP current blocking layer 25 and an n-lnP cur- 
rent blocking layer 26 layered around the mesa 30; and 
p-lnP second cladding layer 27 and p + -lnGaAs cap 

40 layer 28 which are layered on the p-lnP first cladding 
layer 24 and the n-lnP current blocking layer 26. 
[0148] As shown in Fig. 25 to Fig. 28, the active 
layer 23 is made from 1 .55-micrometer composition 
InGaAsP and has a current confinement structure 

45 defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. The active layer 23 is cov- 
ered by the p-lnP first cladding layer 24, the p-lnP sec- 
ond cladding layer 27 and the p + -lnGaAs cap layer 28. 
[01 49] As shown in Fig. 26 to Fig. 28, the p-lnP cur- 

so rent blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 
layer is in contact with the p-lnP second cladding layer 

55 27. 

[01 50] A comparison of Fig. 26 with Fig. 27 and Fig. 

28 clarifies that the difference between the single mode 
waveguide 1, the first multi-mode waveguide 2, and the 
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second multi-mode waveguide 4 is only the waveguide 
width. As shown in Fig. 26, the single mode waveguide 
1 has a waveguide width (W1) set to W1 = 2 microme- 
ters, and as shown in Fig. 27, the first multi-mode 
waveguide 2 width (W2) is set to W2 = 20 micrometers. 5 
As for the tapered waveguide 3, its width is 2 microme- 
ters, i.e., identical to the single mode waveguide 1, at 
the end coupled to the single mode waveguide 1 and 
the width at the end coupled to the first multi-mode 
waveguide 2 is W3 = 3.5 micrometers. Moreover, as 
shown in Fig. 28, the second multi-mode waveguide 4 
has a width (W4) set to W4 = 3.5 micrometers. 
[0151] The production method of the semiconduc- 
tor laser according to the present embodiment is identi- 
cal to the production method of the semiconductor laser 
according to the first embodiment. 
[0152] The semiconductor laser according to the 
present embodiment is a laser oscillating a single mode, 
which can achieve a high output compared to a conven- 
tional single mode laser and improve the COD level. 
Furthermore, the semiconductor laser according to the 
present embodiment can improve the spatial hole burn- 
ing compared to a conventional laser using a multi- 
mode waveguide having a flare structure. Moreover, the 
semiconductor laser according to the present embodi- 
ment has an excellent mode stability and does not 
cause efficiency lowering due to a mode conversion 
loss. 

[0153] Furthermore, the semiconductor laser 
according to the present embodiment can improve cou- 
pling efficiency with an optical fiber. Hereinafter, expla- 
nation will be given on the principle explaining these 
merits. 

[0154] The semiconductor laser according to the 
present embodiment is identical to the semiconductor 
laser according to the fourth embodiment except for that 
the second multi-mode region 4 is added. 
[0155] Thus, the semiconductor laser according to 
the present embodiment includes the multi-mode 
waveguide 2 like the fourth embodiment and accord- 
ingly, can improve the gain saturation level of the active 
layer 23 compared to an ordinary single mode semicon- 
ductor laser. 

[0156] Moreover, in the semiconductor laser 
according to the present embodiment, like in the fourth 
embodiment, the light output facet is constituted by the 
facet of the second multi-mode waveguide 4. This 
improves the COD (catastrophic optical damage) level 
compared to an ordinary semiconductor laser using a 
single mode waveguide. 

[0157] Furthermore, in the semiconductor laser 
according to the present embodiment, its output mode 
can be controlled independently by the single mode 
waveguide 1 , and no odd modes are excited. Accord- 
ingly, the spatial hole burning is not easily caused com- 
pared to the conventional semiconductor laser utilizing 
the multi-mode waveguide having the flare structure. 
This enables to realize a semiconductor laser having an 



excellent mode stability. 

[0158] In addition to the aforementioned, the semi- 
conductor laser according to the present embodiment 
uses the multi-mode waveguides 2 and 4 performing the 
MMI. operation and accordingly, no mode conversion 
loss is generated in principle. Accordingly, the semicon- 
ductor laser according to the present embodiment does 
not cause efficiency lowering as is observed in the con- 
ventional semiconductor laser utilizing the flare struc- 
ture. 

[0159] Furthermore, the semiconductor laser 
according to the present embodiment has such a struc- 
ture that the tapered waveguide 3 is inserted between 
the single mode waveguide 1 and the first multi-mode 
waveguide 2. Accordingly, it is possible to reduce the 
coupling loss (though very little) between the single 
mode waveguide 1 and the first multi-mode waveguide 
2 almost to 0 dB. 

[0160] It should be noted that in the present embod- 
iment, although the tapered waveguide 3 is imple- 
mented, the region of the waveguide 3 is very small. 
Accordingly, almost no mode conversion loss is caused 
and the mode stability can be maintained by the no odd 
mode pumping condition in the MMI. region. 
[0161] Moreover, the tapered waveguide 3 widens 
the optical field at the light output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 
with the single mode optical fiber is improved. 
[0162] Moreover, in the semiconductor laser 
according to the present embodiment, the light output 
facet is constituted by the second mode cleaved 
waveguide (second multi-mode waveguide) 4 which is 
different from the first multi-mode waveguide 2 in which 
the light output facet is a main pumping region. Accord- 
ingly, the tolerance for the cutting position is mitigated, 
facilitating a production procedure. 
[0163] It should be noted that since the first multi- 
mode waveguide 2 is designed in such a manner that no 
odd modes are excited. Accordingly, even if the second 
multi-mode waveguide 4 is used as a waveguide of the 
output side, only the single mode is output without dete- 
riorating the mode stability. 

[0164] Moreover, the layered configuration of the 
semiconductor laser according to the present embodi- 
ment is equivalent to the layered configuration of an 
ordinary semiconductor laser. Accordingly, like the first 
embodiment, the semiconductor laser according to the 
present embodiment can be produced by the same pro- 
duction procedure of the ordinary semiconductor laser. 
That is, the semiconductor laser according to the 
present embodiment can be produced comparatively 
easily by using only an established production method, 
i.e., with a high repeatability and yield. 
[0165] Moreover, since the semiconductor laser 
according to the present embodiment has a compara- 
tively simple configuration, it can also be applied to an 
integrated optical device. 
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[Embodiment 7] 

[0166] Fig. 29 to Fig. 32 show a semiconductor 
laser according to a seventh embodiment of the present 
invention. Fig. 29 is a plan view of the semiconductor s 
laser according to the present embodiment, Fig. 30 is a 
cross sectional view about the line A-A in Fig. 29, Fig. 

31 is a cross sectional view about the line B-B in Fig. 29, 
and Fig. 32 is a cross sectional view about the line C-C 
in Fig 29. The semiconductor laser according to the 
present embodiment is a buried-heterostructure (BH) 
type and has a 1 .55-micrometer band. 
[0167] As shown in Fig. 29, the semiconductor laser 
according to the present embodiment includes: a first 
multi-mode waveguide 2 formed in a multi-mode 
waveguide region; a single mode waveguide 1 formed 
at in a single mode waveguide region; a tapered 
waveguide 3 connecting the single mode waveguide 1 
to the first multimode waveguide 2; and a second multi- 
mode waveguide 4 connected to the first multi-mode 
waveguide 2. Each of the first multi-mode waveguide 2 
and the second multi-waveguide 4 is designed as a 1 x1 - 
MML 

[0168] The respective regions have length as fol- 
lows: the single mode waveguide 1 has a length of 
about 50 micrometers, the first multi-mode waveguide 2 
has a length of about 260 micrometers, the tapered 
waveguide 3 has a length of about 50 micrometers, the 
second multi-mode waveguide 4 has a length of about 
75 micrometers, and the entire length of the semicon- 
ductor laser is about 435 micrometers. 
[0169] As shown in Fig. 30 to Fig. 32, the semicon- 
ductor laser according to the present embodiment 
includes: an n-lnP substrate 21 having a protruding por- 
tion; an n-lnP buffer layer 22, an active layer 23, and a 
p-lnP first cladding layer 24 which are formed in a mesa 
shape on the protruding portion of the n-lnP substrate 
21; a p-lnP current blocking layer 25 and an n-lnP cur- 
rent blocking layer 26 layered around the mesa 30; and 
p-lnP second cladding layer 27 and p + -lnGaAs cap 
layer 28 which are layered on the p-lnP first cladding 
layer 24 and the n-lnP current blocking layer 26. 
[0170] As shown in Fig. 30 to Fig. 32, the active 
layer 23 is made from 1. 55-micrometer composition 
InGaAsP and has a current confinement structure 
defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. The active layer 23 is cov- 
ered by the p-lnP first cladding layer 24, the p-lnP sec- 
ond cladding layer 27 and the p + -lnGaAs cap layer 28. 
[0171] As shown in Fig. 30 to Fig. 32, the p-lnP cur- 
rent blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 
layer 26 is in contact with the p-lnP second cladding 
layer 27. 

[0172] A comparison of Fig. 30 with Fig. 31 and Fig. 

32 clarifies that the difference between the single mode 



waveguide 1 , the first mutti-mode waveguide 2, and the 
second multi-mode waveguide 4 is only the waveguide 
width. As shown in Fig. 30, the single mode waveguide 
1 has a waveguide width (W1) set to W1 = 2 microme- 
ters, and as shown in Fig. 31, the first multi-mode 
waveguide 2 width (W2) is set to W2 = 1 0 micrometers. 
As for the tapered waveguide 3, its width is 2 microme- 
ters, i.e. identical to the single mode waveguide 1 , at the 
end coupled to the single mode waveguide 1 and the 
width at the end coupled to the first multi-mode 
waveguide 2 is W3 = 3.5 micrometers. 
[0173] Moreover, as shown in Fig. 32, the second 
multi-mode waveguide 4 has a width (W4) set to W4 = 5 
micrometers. This second multi-mode waveguide 4 is a 
mutti-mode waveguide allowing the second mode and 
this second multi-mode waveguide 4 has a length of 75 
micrometers, thus realizing the 1x1 -MM I structure. 
[0174] The production method of the semiconduc- 
tor laser according to the present embodiment is identi- 
cal to the production method of the semiconductor laser 
according to the first embodiment. 
[0175] The semiconductor laser according to the 
present embodiment is a laser oscillating a single mode, 
which can achieve a high output compared to a conven- 
tional single mode laser and improve the COD level. 
Furthermore, the semiconductor laser according to the 
present embodiment can improve the spatial hoie burn- 
ing compared to a conventional laser using a multi- 
mode waveguide having a flare structure. Moreover, the 
semiconductor laser according to the present embodi- 
ment has an excellent mode stability and does not 
cause efficiency lowering due to a mode conversion 
loss. Furthermore; the semiconductor laser according 
to the present embodiment can improve coupling effi- 
ciency with an optical fiber. Hereinafter, explanation will 
be given on the principle explaining these merits. 
[0176] The semiconductor laser according to the 
present embodiment is identical to the semiconductor 
laser according to the second embodiment except for 
that the second multi-mode region 4 is added. 
[0177] Thus, the semiconductor laser according to 
the present embodiment includes the multi-mode 
waveguide 2 like the second embodiment and accord- 
ingly, can improve the gain saturation level of the active 
layer 23 compared to an ordinary single mode semicon- 
ductor laser. 

[0178] Moreover, in the semiconductor laser 
according to the present embodiment, like in the first 
embodiment, the light output facet is constituted by the 
facet of the second multi-mode waveguide 4 which is a 
multi-mode waveguide. This improves the COD (cata- 
strophic optical damage) level compared to an ordinary 
semiconductor laser using a single mode waveguide. 
[0179] Furthermore, in the semiconductor laser 
according to the present embodiment, its output mode 
can be controlled independently by the single mode 
waveguide 1 , and no odd modes are excited. Accord- 
ingly, the spatial hole burning is not easily caused com- 
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pared to the conventional semiconductor laser utilizing 
the multi-mode waveguide having the flare structure. 
This enables to realize a semiconductor laser having an 
excellent mode stability. 

[0180] In addition to the aforementioned, the semi- 
conductor laser according to the present embodiment 
uses the multi-mode waveguides 2 and 4 performing the 
MM I. operation and accordingly, no mode conversion 
loss is generated in principle. Accordingly, the semicon- 
ductor laser according to the present embodiment does 
not cause efficiency lowering as is observed in the con- 
ventional semiconductor laser utilizing the flare struc- 
ture. 

[0181] Furthermore, the semiconductor laser 
according to the present embodiment has such a struc- 
ture that the tapered waveguide 3 is inserted between 
the single mode waveguide 1 and the first multi-mode 
waveguide 2. Accordingly, it is possible to reduce the 
coupling loss (though very little) between the single 
mode waveguide 1 and the first multi-mode waveguide 
2 almost to 0 dB. 

[0182] It should be noted that in the present embod- 
iment, although the tapered waveguide 3 is imple- 
mented, the region of the waveguide 3 is very small. 
Accordingly, almost no mode conversion loss is caused 
and the mode stability can be maintained by the no odd 
mode pumping condition in the MMI. region. 
[0183] Moreover, the tapered waveguide 3 widens 
the optical field at the light output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 
with the single mode optical fiber is improved. 
[0184] Moreover, in the semiconductor laser 
according to the present embodiment, the light output 
facet is constituted by the waveguide of 1x1 -MMI. struc- 
ture (the second multi-mode waveguide) 4 which is dif- 
ferent from the first multi-mode waveguide 2 in which 
the light output facet is a main pumping region. Accord- 
ingly, the tolerance for the cutting position is mitigated, 
facilitating a production procedure. 
[0185] It should be noted that since the first multi- 
mode waveguide 2 is designed in such a manner that no 
odd modes are excited. Accordingly, even if the second 
multi-mode waveguide 4 is used as a waveguide of the 
output side, only the single mode is output without dete- 
riorating the mode stability. 

[0186] Moreover, the layered configuration of the 
semiconductor laser according to the present embodi- 
ment is equivalent to the layered configuration of an 
ordinary semiconductor laser. Accordingly, like the first 
embodiment, the semiconductor laser according to the 
present embodiment can be produced by the same pro- 
duction procedure of the ordinary semiconductor laser. 
That is, the semiconductor laser according to the 
present embodiment can be produced comparatively 
easily by using only an established production method, 
i.e., with a high repeatability and yield. 
[0187] Moreover, since the semiconductor laser 
according to the present embodiment has a compara- 



tively simple configuration, it can also be applied to an 
integrated optical device. 

[Embodiment 8] 

5 

[0188] Fig. 33 to Fig. 36 show a semiconductor 
laser according to an eighth embodiment of the present 
invention. Fig. 33 is a plan view of the semiconductor 
laser according to the present embodiment, Fig. 34 is a 

io cross sectional view about the line A-A in Fig. 33, Fig. 
35 is a cross sectional view about the line B-B in Fig. 33, 
and Fig. 36 is a cross sectional view about the line C-C 
in Fig 33. The semiconductor laser according to the 
present embodiment is a buried-heterostructure (BH) 

75 type and has a 1 .55 -micro meter band. 

[01 89] As shown in Fig. 33, the semiconductor laser 
according to the present embodiment includes: a first 
multi-mode waveguide 2 formed in a multi-mode 
waveguide region; a single mode waveguide 1 formed in 

20 a single mode waveguide region; a tapered waveguide 
3 connecting the single mode waveguide 1 to the first 
multimode waveguide 2; and a second multi-mode 
waveguide 4 connected to the first multi-mode 
waveguide 2. 

25 [0190] The first multi-mode waveguide 2 formed in 
the multi-mode waveguide region is designed as 1x2- 
MML Moreover, the second multi-waveguide 4 is 
designed as a 1 x1-MML 

[0191] The respective regions have length as fol- 

30 lows: the single mode waveguide 1 has a length of 
about 50 micrometers, the first multi-mode waveguide 2 
has a length of about 460 micrometers, the tapered 
waveguide 3 has a length of about 50 micrometers, the 
second multi-mode waveguide 4 has a length of about 

35 75 micrometers, and the entire length of the semicon- 
ductor laser is about 635 micrometers. 
[0192] As shown in Fig. 34 to Fig. 36, the semicon- 
ductor laser according to the present embodiment 
includes: an n-lnP substrate 21 having a protruding por- 

40 tion; an n-lnP buffer layer 22, an active layer 23, and a 
p-lnP first cladding layer 24 which are formed in a mesa 
shape on the protruding portion of the n-lnP substrate 
21; a p-lnP current blocking layer 25 and an n-lnP cur- 
rent blocking layer 26 layered around the mesa 30; and 

45 p-lnP second cladding layer 27 and p + -lnGaAs cap 
layer 28 which are layered on the p-lnP first cladding 
layer 24 and the n-lnP current blocking layer 26. 
[0193] As shown in Fig. 34 to Fig. 36, the active 
layer 23 is made from 1 .55- micrometer composition 

so InGaAsP and has a current confinement structure 
defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. 

[0194] The active layer 23 is covered by the p-lnP 
first cladding layer 24, the p-lnP second cladding layer 
55 27 and the p + -lnGaAs cap layer 28. 

[0195] As shown in Fig. 34 to Fig. 36, the p-lnP cur- 
rent blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
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current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 
layer 26 is in contact with the p-lnP second cladding 
layer 27. 

[0196] A comparison of Fig. 34 with Fig. 35 and Fig. 
36 clarifies that the difference between the single mode 
waveguide 1 , the first multi-mode waveguide 2, and the 
second multi-mode waveguide 4 is only the waveguide 
width. As shown in Fig. 34, the single mode waveguide 
1 has a waveguide width (W1) set to W1 = 2 microme- 
ters, and as shown in Fig. 35, the first multi-mode 
waveguide 2 width (W2) is set to W2 = 20 micrometers. 
As for the tapered waveguide 3, its width is 2 microme- 
ters, i.e., identical to the single mode waveguide 1, at 
the end coupled to the single mode waveguide 1 and 
the width at the end coupled to the first multi-mode 
waveguide 2 is W3 = 3.5 micrometers. 
[0197] Moreover, as shown in Fig. 36, the second 
multi-mode waveguide 4 has a width (W4) set to W4 = 5 
micrometers. This second multi-mode waveguide 4 is a 
multi-mode waveguide allowing the second mode and 
this second multi-mode waveguide 4 has a length of 75 
micrometers, thus realizing the 1x1 -MMI. structure. 
[0198] The production method of the semiconduc- 
tor laser according to the present embodiment is identi- 
cal to the production method of the semiconductor laser 
according to the first embodiment. 
[0199] The semiconductor laser according to the 
present embodiment is a taser oscillating a single mode, 
which can achieve a high output compared to a conven- 
tional single mode laser and improve the COD level. 
Furthermore, the semiconductor laser according to the 
present embodiment can improve the spatial hole burn- 
ing compared to a conventional laser having using a 
multi-mode waveguide having a flare structure. Moreo- 
ver, the semiconductor laser according to the present 
embodiment has an excellent mode stability and does 
not cause efficiency lowering due to a mode conversion 
loss. Furthermore, the semiconductor laser according 
to the present embodiment can improve coupling effi- 
ciency with an optical fiber. Hereinafter, explanation will 
be given on the principle explaining these merits. 
[0200] The semiconductor laser according to the 
present embodiment is identical to the semiconductor 
laser according to the fourth embodiment except for that 
the second multi-mode region 4 is added. 
[0201] Thus, the semiconductor laser according to 
the present embodiment includes the multi-mode 
waveguide 2 like the fourth embodiment and accord- 
ingly, can improve the gain saturation level of the active 
layer 23 compared to an ordinary single mode semicon- 
ductor laser. 

[0202] Moreover, in the semiconductor laser 
according to the present embodiment, like in the fourth 
embodiment, the light output facet is constituted by the 
facet of the second multi-mode waveguide 4. This 
improves the COD (catastrophic optical damage) level 
compared to an ordinary semiconductor laser using a 



single mode waveguide. 

[0203] Furthermore, in the semiconductor laser 
according to the present embodiment, its output mode 
can be controlled independently by the single mode 

5 waveguide 1, and no odd modes are excited. Accord- 
ingly, the spatial hole burning is not easily caused com- 
pared to the conventional semiconductor laser utilizing 
the multi-mode waveguide having the flare structure. 
This enables to realize a semiconductor laser having an 

10 excellent mode stability. 

In addition to the aforementioned, the semiconductor 
laser according to the present embodiment uses the 
multi-mode waveguides 2 and 4 performing the MMI. 
operation and accordingly, no mode conversion loss is 

15 generated in principle. Accordingly, the semiconductor 
laser according to the present embodiment does not 
cause efficiency lowering as is observed in the conven- 
tional semiconductor laser utilizing the flare structure. 
[0204] Furthermore, the semiconductor laser 

20 according to the present embodiment has such a struc- 
ture that the tapered waveguide 3 is inserted between 
the single mode waveguide 1 and the first multi-mode 
waveguide 2. Accordingly, it is possible to reduce the 
coupling loss (though very little) between the single 

25 mode waveguide 1 and the first multi-mode waveguide 
2 almost to 0 dB. 

[0205] Moreover, the tapered waveguide 3 widens 
the optical field at the light output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 

30 with the single mode optical fiber is improved. 

[0206] Moreover, in the semiconductor laser 
according to the present embodiment, the light output 
facet is constituted by the waveguide of 1x1-MMI struc- 
ture (the second multi-mode waveguide) 4 which is dif- 

35 ferent from the first multi-mode waveguide 2. 
Accordingly, the tolerance for the cutting position is mit- 
igated, facilitating a production procedure. 
[0207] It should be noted that since the first multi- 
mode waveguide 2 is designed in such a manner that no 

40 odd modes are excited. Accordingly, even if the second 
multi-mode waveguide 4 is used as a waveguide of the 
output side, only the single mode is output without dete- 
riorating the mode stability. 

[0208] Moreover, the layered configuration of the 
45 semiconductor laser according to the present embodi- 
ment is equivalent to the layered configuration of an 
ordinary semiconductor laser. Accordingly, like the first 
embodiment, the semiconductor laser according to the 
present embodiment can be produced by the same pro- 
50 duction procedure of the ordinary semiconductor laser. 
That is, the semiconductor laser according to the 
present embodiment can be produced comparatively 
easily by using only an established production method, 
i.e., with a high repeatability and yield. Moreover, since 
55 the semiconductor laser according to the present 
embodiment has a comparatively simple configuration, 
it can also be applied to an integrated optical device. 
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[Embodiment 9] 

[0209] Fig. 37 to Fig. 39 show a semiconductor opti- 
cal amplifier according to an ninth embodiment of the 
present invention. Fig. 37 is a plan view of the semicon- 5 
ductor optical amplifier according to the present embod- 
iment, Fig. 38 is a cross sectional view about the line A- 
A in Fig. 37, and Fig. 39 is a cross sectional view about 
the line B-B in Fig. 37. The semiconductor optical ampli- 
fier according to the present embodiment is a buried- 10 
heterostructure (BH) type and has a 1.55-micrometer 
band. 

[0210] As shown in Fig. 37, the semiconductor opti- 
cal amplifier according to the present embodiment 
includes: a first multi-mode waveguide 2 formed in a 15 
multi-mode waveguide region; and a single mode 
waveguide 1 formed in a single mode waveguide region, 
which is connected to the first multi-mode waveguide 2. 
[0211] The first multi-mode waveguide 2 formed in 
the multi-mode waveguide region is designed as 1x1- 20 
MM I.. The respective regions have length as follows: the 
single mode waveguide 1 has a length of about 50 
micrometers, and the first multi-mode waveguide 2 has 
a length of about 260 micrometers. The entire length of 
the semiconductor laser (sic) is about 31 0 micrometers. 25 
[0212] As shown in Fig. 38 and Fig. 39, the semi- 
conductor optical amplifier according to the present 
embodiment includes: an n-lnP substrate 21 having a 
protruding portion; an n-lnP buffer layer 22, an active 
layer 23, and a p-lnP first cladding layer 24 which are 30 
formed in a mesa shape on the protruding portion of the 
n-lnP substrate 21; a p-lnP current blocking layer 25 
and an n-lnP current blocking layer 26 layered around 
the mesa 30; and p-lnP second cladding layer 27 and 
p + -lnGaAs cap layer 28 which are layered on the p-lnP 35 
first cladding layer 24 and the n-lnP current blocking 
layer 26. 

[0213] As shown in Fig. 38 and Fig. 39, the active 
layer 23 is made from 1.55-micrometer composition 
InGaAsP and has a current confinement structure 40 
defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. 

[0214] The active layer 23 is covered by the p-lnP 
first cladding layer 24, the p-lnP second cladding layer 
27 and the p + -lnGaAs cap layer 28. as 
[0215] As shown in Fig. 38 and Fig. 39, the p-lnP 
current blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current block so 
layer 26 is in contact with the p-lnP second cladding 
layer 27. 

[021 6] A comparison of Fig. 38 with Fig. 39 clarifies 
that the difference between the single mode waveguide 
1 and the first multi-mode waveguide 2 is only the ss 
waveguide width. As shown in Fig. 38, the single mode 
waveguide 1 has a waveguide width (W1 ) set to W1 =2 
micrometers, and as shown in Fig. 39, the first multi- 



mode waveguide 2 width (W2) is set to W2 = 10 
micrometers. 

[0217] Hereinafter, referring to Fig. 4 to Fig. 7, 
explanation will be given on a production method of the 
semiconductor optical amplifier according to the present 
embodiment. Firstly, as shown in Fig. 4, the n-lnP sub- 
strate 21 is successively covered with the n-lnP buffer 
layer 22, the active layer 23 made from 1 .55-micrometer 
composition InGaAsP, and the p-lnP first cladding layer 
24, using the MOVPE technique. 
[0218] The respective layers have thickness values 
as follows: the n-lnP buffer layer is set to about 1 00 nm, 
the 1.55-micrometer InGaAsP active layer 23 is set to 
about 1 00 nm, and the p-lnP first cladding layer 24 is set 
to about 100 nm. 

[0219] Next, the ordinary photolithography tech- 
nique and wet etching method are used to form a mesa- 
shaping mask 31 on the p-lnP first cladding layer 24. 
[0220] Next, as shown in Fig. 5, the reactive ion 
etching (RiE) technique is used to remove a portion of 
the p-lnP first cladding layer 24, the 1 .55-micrometer 
InGaAsP active layer 23, the n-lnP buffer layer 22, and 
the n-lnP substrate 21 , thus forming a mesa 30. 
[0221] Next, as shown in Fig. 6, using the MOVPE 
technique, the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26 are formed around the 
mesa 30. These current blocking layer 25 and 26 are 
formed in such a manner that only the p-lnP current 
blocking layer 25 is in contact with the side wall of the 
mesa and only the n-lnP current blocking layer 26 is 
exposed outside. 

[0222] Each of the p-lnP current blocking layer 25 
and the n-lnP current blocking layer 26 has a thickness 
of about 1 micrometer. 

[0223] Next, the mesa-shaping mask 31 is removed 
by buffered hydrofluoric acid. 

[0224] After this, as shown in Fig. 7, the p-lnP first 
cladding layer 24 and the n-lnP current blocking layer 26 
are covered with the p-lnP second cladding layer 27 and 
then with the p + -lnGaAs cap layer 28 using the MOVPE 
technique. Next, the back surface of the n-lnP substrate 
21 is polished. Next, a rear electrode and a front elec- 
trode are formed using the ordinary sputtering method. 
[0225] After an element is cleaved, the cleaved 
facet is coated with an anti- reflective (AR) coating. 
Thus, production procedure of the embodied semicon- 
ductor laser according to the present embodiment is 
completed. 

[0226] The semiconductor optical amplifier accord- 
ing to the present embodiment is a semiconductor opti- 
cal amplifier for outputting a single mode, which can 
achieve a high gain and high saturation output com- 
pared to a conventional single mode optical amplifier 
and improve the COD level. Furthermore the semicon- 
ductor optical amplifier according to the present embod- 
iment can improve the spatial hole burning compared to 
a conventional laser using a multi-mode waveguide hav- 
ing a flare structure. Moreover, the semiconductor opti- 
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cal amplifier has an excellent mode stability and does 
not cause efficiency lowering due to a mode conversion 
loss. 

[0227] Hereinafter, explanation will be given on the 
principle explaining these merits. 

[0228] As shown in Fig. 37, the semiconductor opti- 
cal amplifier according to the present embodiment is 
designed as a 1x1-MMI. having a first multi-mode 
waveguide 2. That is, the first multi-mode waveguide 2 
is a quasi-single mode waveguide, i.e., although being a 
multi-mode waveguide, only a single mode light propa- 
gates at the both ends. 

[0229] Thus, the semiconductor optical amplifier 
includes a multi-mode waveguide, which improves a 
gain saturation level of the active layer 23, achieving a 
high saturation gain and a high saturation output com- 
pared to an ordinary single mode semiconductor optical 
amplifier. 

[0230] Moreover, in the semiconductor optical 
amplifier according to the present embodiment, its light 
output facet is constituted by the wide first multi-mode 
waveguide 2. 

[0231] Accordingly, when compared to an ordinary 
single mode semiconductor laser, the light density at the 
light output facet is reduced for the same light output, 
thus improving the COD level. 

[0232] Furthermore, in the semiconductor optical 
amplifier according to the present embodiment, its out- 
put mode can be controlled independently by the single 
mode waveguide 1 and structurally no odd modes are 
excited. Accordingly the spatial hole burning is not eas- 
ily generated compared to the conventional semicon- 
ductor optical amplifier. Thus, it is possible to realize a 
semiconductor optical amplifier having an excellent 
mode stability. 

[0233] Additionally, since the semiconductor optical 
amplifier according to the present embodiment employs 
the multi-mode waveguide 2 performing the MMI. oper- 
ation, no mode conversion loss is generated in principle. 
Accordingly, the effect lowering observed in the conven- 
tional semiconductor optical amplifier is not caused. 
[0234] Moreover, the layered configuration of the 
semiconductor optical amplifier according to the present 
embodiment is equivalent to the layered configuration of 
an ordinary semiconductor optical amplifier. Accord- 
ingly, the semiconductor optical amplifier according to 
the present embodiment can be produced by the same 
production procedure of the ordinary semiconductor 
optical amplifier. That is, the semiconductor optical 
amplifier according to the present embodiment can be 
produced comparatively easily by using only the estab- 
lished production method, i.e., with a high repeatability 
and yield. 

[0235] Moreover, since the semiconductor optical 
amplifier according to the present embodiment has a 
comparatively simple configuration, it can also be 
applied to an integrated optical device. 
It should be noted that in the present embodiment and 



in a tenth to twelfth embodiment which will be detailed 
later, the semiconductor optical amplifier has a simple 
buried-heterostructure (BH structure). However, the 
present embodiment and the tenth to twelfth embodi- 
5 ment are not to be limited to the buried-heterostructure. 
For example, the present embodiment and the tenth to 
twelfth embodiment can be applied to a ridge structure 
or DC-PBH structure having an excellent current con- 
finement. 

70 Moreover, in the present embodiment, the laser wave- 
length is set to a 1.55-micrometer band but not to be 
limited to this band. For example, the laser wavelength 
may be a visible light band or a 0.98-micrometerband or 
other near infrared light band. 

15 Furthermore, the active layer 23 in the present embodi- 
ment has a bulk structure, but the active layer 23 may 
have a multi-quantum well (MOW) structure. 
As for the production method, in the present embodi- 
ment and the tenth to twelfth embodiment, the MOVPE 

20 technique is used for crystal growth and the RIE tech- 
nique is used for formation of the mesa 30. However, the 
embodiments are not to be limited to these techniques. 
For example, the MBE technique can used for the crys- 
tal growth and the wet etching can be used for formation 

25 of the mesa 30. 

[Embodiment 10] 

[0236] Fig. 40 to Fig. 42 show a semiconductor opti- 

30 cal amplifier according to a tenth embodiment of the 
present invention. Fig. 40 is a plan view of the semicon- 
ductor optical amplifier according to the present embod- 
iment. Fig. 41 is a cross sectional view about the line A- 
A 9 in Fig. 40 and Fig. 42 is a cross sectional view about 

35 the line B-B in Fig. 40. The semiconductor optical ampli- 
fier according to the present embodiment has a buried- 
heterostructure (BH) and a 1 ,55-micrometer band. 
As shown in Fig. 40, the semiconductor optical amplifier 
according to the present embodiment includes: a first 

40 multi-mode waveguide 2 formed in a multi-mode 
waveguide region; a single mode waveguide 1 formed 
at the light incident side of the first multi-mode 
waveguide 2 in a single mode waveguide region; and a 
tapered waveguide 3 connecting the single mode 

45 waveguide 2 to the first multimode waveguide 2. 

[0237] The first multi-mode waveguide 2 formed in 
the multi-mode waveguide region is constituted as 1x1- 
MMI.. The respective regions have length as follows: 
length of the single mode waveguide 1 is about 50 

so micrometers, length of the first multi-mode waveguide 2 
is about 260 micrometers, length of the tapered 
waveguide 3 is about 50 micrometers, and the entire 
length of the semiconductor optical amplifier is about 
360 micrometers. 

55 [0238] As shown in Fig. 41 and Fig. 42, the semi- 
conductor optical amplifier according to the present 
embodiment includes: an n-lnP substrate 21 having a 
protruding portion; an n-lnP buffer layer 22, an active 
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layer 23, and a p-lnP first cladding layer 24 which are 
formed in a mesa shape on the protruding portion of the 
n-lnP substrate 21; a p-lnp current blocking layer 25 and 
an n-lnP current blocking layer 26 layered around the 
mesa 30; and a p-lnP second cladding layer 27 and a 5 
p + -lnGaAs cap layer 28 which are layered on the p-lnP 
first cladding layer 24 and the n-lnP current blocking 
layer 26. 

[0239] As shown in Fig. 41 and Fig. 42, the active 
layer 23 is made from 1.55-micrometer composition 10 
InGaAsP and has a current confinement structure 
defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. The active layer 23 is cov- 
ered by the p-lnP first cladding layer 24, the p-lnP sec- 
ond cladding layer 27 and the p + -ln GaAs cap layer 28. is 
[0240] As shown in Fig. 41 and Fig. 42, the p-lnP 
current blocking layer 25 and the n-lnP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 20 
layer 26 is in contact with the p-lnP second cladding 
layer 27. 

[0241] A comparison of Fig. 41 with Fig. 42 clarifies 
that the difference between the single mode waveguide 

1 and the first multi-mode waveguide 2 is only the 25 
waveguide width. As shown in Fig. 41 , the single mode 
waveguide 1 has a waveguide width (W1 ) set to W1 =2 
micrometers, and as shown in Fig. 42, the first multi- 
mode waveguide 2 width (W2) is set to W2 = 10 
micrometers. As for the tapered waveguide, its width is 30 

2 micrometers, i.e., identical to the single mode 
waveguide 1, at the end coupled to the single mode 
waveguide 1 and the width at the end coupled to the first 
multi-mode waveguide 2 is W3 = 3.5 micrometers. 

[0242] The production method of the semiconduc- 35 
tor optical amplifier according to the present embodi- 
ment is identical to the production method of the 
semiconductor optical amplifier according to the ninth 
embodiment. The semiconductor optical amplifier 
according to the present embodiment is a optical ampli- 40 
fier outputting a single mode which can achieve a high 
output compared to a conventional single mode optical 
amplifier and improve the COD level. 
[0243] Furthermore, the semiconductor optical 
amplifier according to the present embodiment can 45 
improve the spatial hole burning compared to a conven- 
tional optical amplifier using a multi-mode waveguide 
having a flare structure. 

[0244] Moreover, the semiconductor optical ampli- 
fier has an excellent mode stability and does not cause so 
efficiency lowering due to a mode conversion loss. 
Hereinafter, explanation will be given on the principle 
explaining these merits. 

[0245] As shown in Fig. 40, the semiconductor opti- 
cal amplifier according to the present embodiment, 55 
compared to the semiconductor optical amplifier 
according to the ninth embodiment, has a tapered 
waveguide region 3 between the single mode 



waveguide 1 and the first multi-mode waveguide 2. 
Accordingly, the first multi-mode waveguide 2, although 
being a multi-mode waveguide, constitutes a quasi-sin- 
gle mode waveguide in which only a single mode light 
propagates at the both facets. 

[0246] Thus, like the ninth embodiment, the semi- 
conductor optical amplifier according to the present 
embodiment has a structure including the multi-mode 
waveguide 2 and accordingly, it is possible to improve 
the gain saturation level of the active layer 23 compared 
to an ordinary single mode semiconductor optical ampli- 
fier. As a result, it is possible to obtain a high saturation 
gain and a high saturation output. 
[0247] Moreover, in the semiconductor optical 
amplifier according to the present embodiment, like in 
the ninth embodiment, the light output facet is consti- 
tuted by the facet of the multi-mode waveguide 2. This 
improves the COD (catastrophic optical damage) level 
compared to an ordinary semiconductor optical ampli- 
fier using a single mode waveguide. 
[0248] Furthermore, in the semiconductor optical 
amplifier according to the present embodiment, its out- 
put mode can be controlled independently by the single 
mode waveguide 1, and structurally no odd modes are 
excited. Accordingly, the spatial hole burning is not eas- 
ily caused compared to the conventional semiconductor 
optical amplifier utilizing the multi-mode waveguide hav- 
ing the flare structure. This enables to realize a semi- 
conductor optical amplifier having an excellent mode 
stability. 

[0249] In addition to the aforementioned, the semi- 
conductor optical amplifier according to the present 
embodiment uses the multi-mode waveguide 2 perform- 
ing the MMI. operation and accordingly, no mode con- 
version loss is generated in principle. Accordingly, the 
semiconductor optical amplifier according to the present 
embodiment does not cause efficiency lowering as is 
observed in the conventional semiconductor optical 
amplifier utilizing the flare structure. Furthermore, the 
semiconductor optical amplifier according to the present 
embodiment has such a structure that the tapered 
waveguide 3 is inserted between the single mode 
waveguide 1 and the mutti-mode waveguide 2. Accord- 
ingly, it is possible to reduce the coupling loss (though 
very little) between the single mode waveguide 1 and 
the first multi-mode waveguide 2 almost to 0 dB. 
[0250] It should be noted that in the present embod- 
iment, although the tapered waveguide 3 is imple- 
mented, the region of the waveguide 3 is very small. 
Accordingly, almost no mode conversion loss is caused 
and the mode stability can be maintained by the no odd 
mode pumping condition in the MMI. region. 
[0251] Moreover, the tapered waveguide 3 widens 
the optical field at the light output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 
with the single mode optical fiber is improved. 
[0252] Moreover, the layered configuration of the 
semiconductor optical amplifier according to the present 
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embodiment is equivalent to the layered configuration of 
an ordinary semiconductor optical amplifier. Accord- 
ingly, like the ninth embodiment, the semiconductor 
optical amplifier according to the present embodiment 
can be produced by the same production procedure of 
the ordinary semiconductor optical amplifier. That is, the 
semiconductor optical amplifier according to the present 
embodiment can be produced comparatively easily by 
using only the established production method, i.e., with 
a high repeatability and yield. Moreover, since the sem- 
iconductor optical amplifier according to the present 
embodiment has a comparatively simple configuration, 
it can also be applied to an integrated optical device. 

[Embodiment 11] 

[0253] Fig. 43 to Fig. 46 show a semiconductor opti- 
cal amplifier according to an eleventh embodiment of 
the present invention. Fig. 43 is a plan view of the sem- 
iconductor optical amplifier according to the present 
embodiment, Fig. 44 is a cross sectional view about the 
line A-A in Fig. 43, Fig. 45 is a cross sectional view 
about the line B-B in Fig. 43, and Fig. 46 is a cross sec- 
tional view about the line C-C in Fig 43. The semicon- 
ductor optical amplifier according to the present 
embodiment is a buried-heterostructure (BH) type and 
has a 1 .55-micrometer band. 

[0254] As shown in Fig. 43, the semiconductor opti- 
cal amplifier according to the present embodiment 
includes: a first multi-mode waveguide 2 formed in a 
multi-mode waveguide region; a single mode 
waveguide 1. formed at in a single mode waveguide 
region; a tapered waveguide 3 connecting the single 
mode waveguide 1 to the first multimode waveguide 2. 
[0255] The first multi-mode waveguide 2 formed in 
the multi-mode waveguide region is constituted as a 
1x1 -MML Moreover, the second multi-waveguide 
region 4 is designed as a secondary mode cleaved 
waveguide. 

[0256] The respective regions have length as fol- 
lows: the single mode waveguide 1 has a length of 
about 50 micrometers, the first multi-mode waveguide 2 
has a length of about 260 micrometers, the tapered 
waveguide 3 has a length of about 50 micrometers, the 
second multi-mode waveguide 4 has a length of about 
50 micrometers, and the entire length of the semicon- 
ductor optical amplifier is about 410 micrometers. 
[0257] As shown in Fig. 44 to Fig. 46, the semicon- 
ductor optical amplifier according to the present embod- 
iment includes: an n-lnP substrate 21 having a 
protruding portion; an n-lnP buffer layer 22, an active 
layer 23, and a p-lnP first cladding layer 24 which are 
formed in a mesa shape on the protruding portion of the 
n-lnP substrate 21; a p-lnP current blocking layer 25 
and an n-lnP current blocking layer 26 layered around 
the mesa 30; and p-lnP second cladding layer 27 and 
p + -lnGaAs cap layer 28 which are layered on the p-lnP 
first cladding layer 24 and the n-lnP current blocking 



layer 26. 

[0258] As shown in Fig. 44 to Fig. 46, the active 
layer 23 is made from 1 .55-micrometer composition 
InGaAsP and has a current confinement structure 
5 defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. 

[0259] The active layer 23 is covered by the p-lnP 
first cladding layer 24, the p-lnP second cladding layer 
26 and the p + -lnGaAs cap layer. 

w [0260] As shown in Fig. 44 to Fig. 46, the p-lnP cur- 
rent blocking layer and the n-lnP current blocking layer 
are formed in such a manner that only the p-lnP current 
blocking layer 25 is in contact with the side wall of the 
mesa 30, and the only the n-lnP current blocking layer is 

id in contact with the p-lnP second cladding layer 27. 

[0261] A comparison of Fig. 44 with Fig. 45 and Fig. 
46 clarifies that the difference between the single mode 
waveguide 1, the first multi-mode waveguide 2, and the 
second multi-mode waveguide is only the waveguide 

20 width. As shown in Fig. 44, the single mode waveguide 
1 has a waveguide width (W1 ) set to W1 =2 microme- 
ters, and as shown in Fig. 45, the first multi-mode 
waveguide width (W2) is set to W2 = 10 micrometers. 
As for the tapered waveguide 3, its width is 2 microme- 

25 ters, i.e., identical to the single mode waveguide 1, at 
the end coupled to the single mode waveguide 1 and 
the width at the end coupled to the first multi-mode 
waveguide 2 is W3 = 3.5 micrometers. Moreover, as 
shown in Fig. 46, the second multi-mode waveguide 4 

30 has a width (W4) set to W4 = 3.5 micrometers. 

[0262] The production method of the semiconduc- 
tor optical amplifier according to the present embodi- 
ment is identical to the production method of the 
semiconductor optical amplifier according to the ninth 

35 embodiment. 

The semiconductor optical amplifier according to the 
present embodiment is a optical amplifier oscillating a 
single mode, which can achieve a high gain and a high 
saturation output compared to a conventional single 

40 mode optical amplifier and improve the COD level. Fur- 
thermore, the semiconductor optical amplifier according 
to the present embodiment can improve the spatial hole 
burning compared to a conventional semiconductor 
optical amplifier using a multi-mode waveguide having a 

45 flare structure. Moreover, the semiconductor optical 
amplifier according to the present embodiment has an 
excellent mode stability and does not cause efficiency 
lowering due to a mode conversion loss. Hereinafter, 
explanation will be given on the principle explaining 

so these merits. 

[0263] The semiconductor optical amplifier accord- 
ing to the present embodiment is identical to the semi- 
conductor optical amplifier according to the tenth 
embodiment except for that the second multi-mode 

55 region 4 is added. 

Thus, like the tenth embodiment, the first multi-mode 
waveguide 2, being a multi-mode waveguide, serves as 
a quasi-single mode waveguide in which only the single 
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mode light propagates at the both facets. 
[0264] Thus, the semiconductor optical amplifier 
according to the present embodiment, like the tenth 
embodiment, includes the multi-mode waveguide 2 and 
accordingly, can improve the gain saturation level of the 
active layer 23 compared to an ordinary single mode 
semiconductor optical amplifier. As a result, it is possi- 
ble to obtain a high saturation gain and a high saturation 
output. 

[0265] Moreover, in the semiconductor optical 
amplifier according to the present embodiment, like in 
the ninth embodiment, the light output facet is consti- 
tuted by the facet of the multi-mode waveguide 2. This 
improves the COD (catastrophic optical damage) level 
compared to an ordinary semiconductor optical ampli- 
fier using a single mode waveguide. 
[0266] Furthermore, in the semiconductor optical 
amplifier according to the present embodiment, its out- 
put mode can be controlled independently by the single 
mode waveguide 1, and structurally no odd modes are 
excited. Accordingly, the spatial hole burning is not eas- 
ily caused compared to the conventional semiconductor 
optical amplifier utilizing the multi-mode waveguide hav- 
ing the flare structure as shown. This enables to realize 
a semiconductor optical amplifier having an excellent 
mode stability. 

[0267] In addition to the aforementioned, the semi- 
conductor optical amplifier according to the present 
embodiment uses the multi-mode waveguides 2 and 4 
performing the MMI. operation and accordingly, no 
mode conversion loss is generated in principle. Accord- 
ingly, the semiconductor laser according to the present 
embodiment does not cause efficiency lowering as is 
observed in the conventional semiconductor laser utiliz- 
ing the flare structure. 

[0268] Furthermore, the semiconductor optical 
amplifier according to the present embodiment has 
such a structure that the tapered waveguide 3 is 
inserted between the single mode waveguide 1 and the 
first multi-mode waveguide 2. Accordingly, it is possible 
to reduce the coupling loss (though very little) between 
the single mode waveguide 1 and the first multi-mode 
waveguide 2 almost to 0 dB. 

[0269] It should be noted that in the present embod- 
iment, although the tapered waveguide 3 is imple- 
mented, the region of the waveguide 3 is very small. 
Accordingly, almost no mode conversion loss is caused 
and the mode stability can be maintained by the no odd 
mode pumping condition in the MMI. region. 
[0270] Moreover, the tapered waveguide 3 widens 
the optical field at the light output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 
with the single mode optical fiber is improved. 
[0271] Moreover, in the semiconductor optical 
amplifier according to the present embodiment, the light 
output facet is constituted by the second mode cleaved 
waveguide (second multi-mode waveguide) 4 which is 
different from the first multi-mode waveguide 2. Accord- 



ingly, the tolerance for the cutting position is mitigated, 
facilitating a production procedure. 
[0272] It should be noted that since the first multi- 
mode waveguide 2 is designed in such a mannerthat no 
5 odd modes are excited. Accordingly, even if the second 
multi-mode waveguide 4 is used as a waveguide of the 
output side, only the single mode is output without dete- 
riorating the mode stability 

[0273] Moreover, the layered configuration of the 
w semiconductor optical amplifier according to the present 
embodiment is equivalent to the layered configuration of 
an ordinary semiconductor laser. Accordingly, like the 
ninth embodiment, the semiconductor optical amplifier 
according to the present embodiment can be produced 
15 by the same production procedure of the ordinary sem- 
iconductor laser. 

[0274] That is, the semiconductor laser according 
to the present embodiment can be produced compara- 
tively easily by using only an established production 
20 method, i.e., with a high repeatability and yield. 

[0275] Moreover, since the semiconductor optical 
amplifier according to the present embodiment has a 
comparatively simple configuration, it can also be 
applied to an integrated optical device. 

25 

[Embodiment 12] 

[0276] Fig. 47 to Fig. 50 show a semiconductor opti- 
cal amplifier according to a twelfth embodiment of the 

30 present invention. Fig. 47 is a plan view of the semicon- 
ductor laser according to the present embodiment, Fig. 
48 is a cross sectional view about the line A-A in Fig. 47, 
Fig. 49 is a cross sectional view about the line B-B in 
Fig. 47, and Fig. 50 is a cross sectional view about the 

35 line C-C in Fig 47. The semiconductor optical amplifier 
according to the present embodiment is a buried-heter- 
ostructure (BH) type and has a 1.55-micrometer band. 
[0277] As shown in Fig. 47, the semiconductor opti- 
cal amplifier according to the present embodiment 

40 includes: a first multi-mode waveguide 2 formed in a 
multi-mode waveguide region; a single mode 
waveguide 1 formed at in a single mode waveguide 
region; a tapered waveguide 3 connecting the single 
mode waveguide 2 to the first muttimode waveguide 2; 

45 and a second multi-mode waveguide 4 formed to be 
coupled to the first multi-mode waveguide 2 at the light 
incident side of the first multi-mode waveguide 2. 
[0278] Each of the first multi-mode waveguide 2 
and the second multi -waveguide 4 is designed as a 1x1- 

50 MMI. 

The respective regions have length as follows: the sin- 
gle mode waveguide 1 has a length of about 50 microm- 
eters, the first multi -mode waveguide 2 has a length of 
about 260 micrometers, the tapered waveguide 3 has a 
55 length of about 50 micrometers, the second multi-mode 
waveguide 4 has a length of about 75 micrometers, and 
the entire length of the semiconductor optical amplifier 
is about 435 micrometers. As shown in Fig. 48 to Fig. 
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50, the semiconductor optical amplifier according to the 
present embodiment includes: an n-lnP substrate 21 
having a protruding portion; an n-lnP buffer layer 22, an 
active layer 23, and a p-lnP first cladding layer 24 which 
are formed in a mesa shape on the protruding portion of 
the n-lnP substrate 21 ; a p-lnP current blocking layer 25 
and an n-lnP current blocking layer 26 layered around 
the mesa 30; and p-lnP second cladding layer 27 and 
p + -lnGaAs cap layer 28 which are layered on the p-lnP 
first cladding layer 24 and the n-lnP current blocking 
layer 26. 

[0279] As shown in Fig. 48 to Fig. 50, the active 
layer 23 is made from 1 .55-micrometer composition 
InGaAsP and has a current confinement structure 
defined by the p-lnP current blocking layer 25 and the n- 
InP current blocking layer 26. The active layer 23 is cov- 
ered by the p-lnP first cladding layer 24, the p-lnP sec- 
ond cladding layer 27 and the p + -lnGaAs cap layer. 
[0280] As shown in Fig. 48 to Fig. 50, the p-lnP cur- 
rent blocking layer 25 and the n-inP current blocking 
layer 26 are formed in such a manner that only the p-lnP 
current blocking layer 25 is in contact with the side wall 
of the mesa 30, and the only the n-lnP current blocking 
layer is in contact with the p-lnP second cladding layer 
27. 

[0281] A comparison of Fig. 48 with Fig. 49 and Fig. 
50 clarifies that the difference between the single mode 
waveguide 1 , the first multi-mode waveguide 2, and the 
second multi-mode waveguide is only the waveguide 
width. As shown in Fig. 48, the single mode waveguide 
1 has a waveguide width (W1) set to W1 =2 microme- 
ters, and as shown in Fig. 49, the first multi-mode 
waveguide 2 width (W2) is set to W2 =10 micrometers. 
As for the tapered waveguide 3, its width is 2 microme- 
ters, i.e. identical to the single mode waveguide 1 , at the 
end coupled to the single mode waveguide 1 and the 
width at the end coupled to the first multi-mode 
waveguide 2 is W3 = 3.5 micrometers. 
[0282] Moreover, as shown in Fig. 50, the second 
multi-mode waveguide 4 has a width (W4) set to W4 = 5 
micrometers. This second multi-mode waveguide 4 is a 
multi-mode waveguide allowing the second mode and 
this second multi-mode waveguide 4 has a length of 75 
micrometers, thus realizing the 1x1 -MMI structure. 
[0283] The production method of the semiconduc- 
tor optical amplifier according to the present embodi- 
ment is identical to the production method of the 
semiconductor optical amplifier according to the ninth 
embodiment. 

The semiconductor optical amplifier according to the 
present embodiment is a laser oscillating a single mode, 
which can achieve a high output compared to a conven- 
tional single mode optical amplifier and improve the 
COD level. Furthermore, the semiconductor optical 
amplifier according to the present embodiment can 
improve the spatial hole burning compared to a conven- 
tional laser (sic) using a multi-mode waveguide having a 
flare structure. Moreover, the semiconductor optical 



amplifier according to the present embodiment has an 
excellent mode stability and does not cause efficiency 
lowering due to a mode conversion loss. Furthermore, 
the semiconductor optical amplifier according to the 

5 present embodiment can improve coupling efficiency 
with an optical fiber. Hereinafter, explanation will be 
given on the principle explaining these merits. 
[0284] The semiconductor optical amplifier accord- 
ing to the present embodiment is identical to the semi- 

10 conductor optical amplifier according to the tenth 
embodiment except for that the second multi-mode 
region 4 is added. 

[0285] Accordingly, like the tenth embodiment, the 
first multi-mode waveguide 2, being a multi-mode 
15 waveguide, serves as a quasi-single mode waveguide 
in which only a single mode light propagates at the both 
facets. 

[0286] Thus, like the tenth embodiment, the semi- 
conductor laser according to the present embodiment 

20 includes the multi-mode waveguide 2 and accordingly, 
can improve the gain saturation level of the active layer 
23 compared to an ordinary single mode semiconductor 
laser. As a result, it is possible to obtain a high satura- 
tion gain and a high saturation output. 

25 [0287] Moreover, in the semiconductor laser 
according to the present embodiment, like in the ninth 
embodiment, the light output facet is constituted by the 
facet of the multi-mode waveguide 2. This improves the 
COD (catastrophic optical damage) level compared to 

30 an ordinary semiconductor optical amplifier using a sin- 
gle mode waveguide. 

[0288] Furthermore, in the semiconductor optical 
amplifier according to the present embodiment, its out- 
put mode can be controlled independently by the single 

35 mode waveguide 1 , and structurally no odd modes are 
excited. Accordingly, the spatial hole burning is not eas- 
ily caused compared to the conventional semiconductor 
optical amplifier utilizing the multi-mode waveguide hav- 
ing the flare structure. This enables to realize a semi- 

40 conductor optical amplifier having an excellent mode 
stability. 

[0289] In addition to the aforementioned, the semi- 
conductor optical amplifier according to the present 
embodiment uses the multi-mode waveguides 2 and 4 

45 performing the MMI. operation and accordingly, no 
mode conversion loss is generated in principle. Accord- 
ingly, the semiconductor laser according to the present 
embodiment does not cause efficiency lowering as is 
observed in the conventional semiconductor laser utiliz- 

so ing the flare structure. 

[0290] Furthermore, the semiconductor optical 
amplifier according to the present embodiment has 
such a structure that the tapered waveguide 3 is 
inserted between the single mode waveguide 1 and the 

55 first multi-mode waveguide 2. Accordingly, it is possible 
to reduce the coupling loss (though very little) between 
the single mode waveguide 1 and the first mutti-mode 
waveguide 2 almost to 0 dB. 
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It should be noted that in the present embodiment, 
although the tapered waveguide 3 is implemented, the 
region of the waveguide 3 is very small. Accordingly, 
almost no mode conversion loss is caused and the 
mode stability can be maintained by the no odd mode 5 
pumping condition in the MM I. region. 
[0291] Moreover, the tapered waveguide 3 widens 
the optical field at the light output facet of the multi- 
mode waveguide 2. As a result, the coupling efficiency 
with the single mode optical fiber is improved. 10 
[0292] Moreover, in the semiconductor optical 
amplifier according to the present embodiment, the light 
output facet is constituted by a secondary mode cleaved 
waveguide (second multi-mode waveguide) 4 which is 
different from the first multi-mode waveguide 2 in which 15 
the light output facet is the main pumping region. 
Accordingly, the tolerance for the cutting position is mit- 
igated, facilitating a production procedure. 
[0293] It should be noted that since the first multi- 
mode waveguide 2 is designed in such a manner that no 20 
odd modes are excited. Accordingly, even if the second 
multi-mode waveguide 4 is used as a waveguide of the 
output side, only the single mode is output without dete- 
riorating the mode stability. 

[0294] Moreover, the layered configuration of the 25 
semiconductor optical amplifier according to the present 
embodiment is equivalent to the layered configuration of 
an ordinary semiconductor optical amplifier. Accord- 
ingly, like the ninth embodiment, the semiconductor 
optical amplifier according to the present embodiment 30 
can be produced by the same production procedure of 
the ordinary semiconductor optical amplifier. That is, the 
semiconductor optical amplifier according to the present 
embodiment can be produced comparatively easily by 
using only an established production method, i.e., with a 35 
high repeatability and yield. 

[0295] Moreover, since the semiconductor optical 
amplifier according to the present embodiment has a 
comparatively simple configuration, it can also be 
applied to an integrated optical device. 40 
[0296] As has been described above, the semicon- 
ductor laser according to the present invention enables 
to obtain a high output and improve the COD level. 
Moreover, since the semiconductor laser according to 
the present invention has a simple configuration, it is 45 
possible to lower the tolerance in the production condi- 
tion and to produce a semiconductor laser with a high 
repeatability. 

[0297] Moreover, the semiconductor optical ampli- 
fier according to the present invention also has the so 
aforementioned effects. 

[0298] The invention may be embodied in other 
specific forms without departing from the spirit or essen- 
tial characteristic thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 55 
and not restrictive, the scope of the invention being indi- 
cated by the appended claims rather than by the forego- 
ing description and all changes which come within the 



meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
[0299] The entire disclosure of Japanese Patent 
Application No. 11-132798 (Filed on May 13 th , 1999) 
including specification, claims, drawings and summary 
are incorporated herein by reference in its entirety. 

Claims 

1. A semiconductor laser comprising: 

a single mode waveguide and 
a first multi-mode interference waveguide, 
wherein the first multi-mode interference 
waveguide has a greater width than that of the 
single mode waveguide, 

the single mode waveguide provides a single 
mode to an oscillated light oscillated from an 
active light waveguide, 

the first multi-mode interference waveguide 
provides modes including a multi-mode to the 
oscillated light, and 

the semiconductor laser has a light output port 
constituted by a facet of the first mufti -mode 
waveguide. 

2. A semiconductor laser as claimed in Claim 1, 
wherein the first multi-mode waveguide has a light 
output end connected to the single mode 
waveguide. 

3. A semiconductor laser as claimed in Claim 2, 
wherein a tapered waveguide is connected 
between the single mode waveguide and the first 
multi-mode waveguide. 

4. A semiconductor laser as claimed in Claim 1, 
wherein the first multi-mode interference waveguide 
which has one port at one side and N-ports at the 
other side (N is a positive integer), i.e., IxN, multi- 
mode interference type waveguide. 

5. A semiconductor laser as claimed in Claim 4, 
wherein the first multi-mode interference waveguide 
a one-input one-output which has one port for each 
side, i.e., 1 x1 , multi-mode interference type 
waveguide. 

6. A semiconductor laser comprising: 

a single mode waveguide, 

a first multi-mode interference waveguide, and 

a second multi-mode waveguide, 
wherein the first multi-mode interference 
waveguide has a wider width than that of the 
single mode waveguide, 
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the single mode waveguide provides a single 
mode to an oscillated light oscillated from an 
active light waveguide, 

the first and the second multi-mode waveguide 5 
provide modes including a multi-mode to the 
oscillated light, and 

the semiconductor laser has a light output facet 
constituted by a facet of the second multi-mode 10 
waveguide. 

7. A semiconductor laser as claimed in Claim 6, 
wherein the second multi-mode waveguide is a sec- 
ondary mode cut-off waveguide. 15 

8. A semiconductor laser as claimed in Claim 6, 
wherein the second multi-mode interference 
waveguide which has one port for each side, i.e., 
1x1, multi-mode interference type waveguide. 20 

9. A semiconductor laser production method compris- 
ing steps of: 

successively forming on a substrate, a buffer 25 
layer, an active layer, and a first cladding layer, 

removing portions of the buffer layer, the active 
layer, the first cladding layer, and the substrate 
so as to form a mesa, 30 

successively forming a first current blocking 
layer and a second current blocking layer 
around the mesa in such a way that only the 
first current blocking layer is in contact with the 35 
side wall of the mesa and only the second cur- 
rent blocking layer is exposed outside, 

successively forming a second cladding layer 
and a cap layer to cover the first current block- 40 
ing layer and the mesa, 

forming a rear electrode and a front electrode; 
and 

45 

applying a half -reflection coating to one facet of 
the waveguide and an anti-reflecting coating to 
the other facet after an element is cleaved. 

10. A semiconductor optical amplifier comprising: so 

a single mode waveguide, 



mode waveguide, 

the single mode waveguide provides a single 
mode to an amplified light amplified by an 
active light waveguide, 

the first interference multi-mode waveguide 
provides modes including multi-mode to the 
amplified light, and 

the semiconductor optical amplifier has a light 
output facet constituted by a facet of the first 
multi-mode waveguide. 

11. A semiconductor optical amplifier as claimed in 
Claim 10, wherein the first multi-mode interference 
waveguide has a light output end connected to the 
single mode waveguide. 

12. A semiconductor optical amplifier as claimed in 
Claim 11, wherein a tapered waveguide is con- 
nected between the single mode waveguide and 
the first multi-mode interference waveguide. 

13. A semiconductor optical amplifier as claimed in 
Claim 10, wherein the first multi-mode waveguide 
which has one port for each side, i.e., 1x1, multi- 
mode interference type waveguide. 

14. A semiconductor optical amplifier comprising: 

a single mode waveguide, 

a first interference multi-mode waveguide, 

a second multi-mode waveguide, and 

anti- reflection facets formed on both facets, 
wherein the first multi-mode interference 
waveguide has a wider width than the single 
mode waveguide, 

the single mode waveguide provides a single 
mode to an oscillated light oscillated from an 
active light waveguide, 

the first and the second multi-mode interfer- 
ence waveguide provide modes including a 
multi-mode to the oscillated light, and 

the semiconductor optical amplifier has a light 
output facet constituted by a facet of the sec- 
ond multi-mode waveguide. 

15. A semiconductor optical amplifier as claimed in 
Claim 14, wherein the second multi-mode 
waveguide is a secondary mode cleaved 
waveguide. 



a first multi-mode interference waveguide, and 

55 

an anti -reflection facet formed on both facets, 
wherein the first multi-mode interference 
waveguide has a greater width than the single 
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16. The semiconductor optical amplifier as claimed in 
Claim 14, wherein the second multi-mode 
waveguide is a one-input one-output, i.e., 1x1, 
multi-mode interference type waveguide. 

17. A semiconductor optical amplifier production 
method comprising steps of: 

successively forming on a substrate, a buffer 
layer, an active layer, and a first cladding layer, 10 

removing portions of the buffer layer, the active 
layer, the first cladding layer, and the substrate 
so as to form a mesa, 

15 

successively forming a first current blocking 
layer and a second current blocking layer 
around the mesa in such a way that only the 
first current blocking layer is in contact with the 
side wall of the mesa and only the second cur- 20 
rent blocking layer is exposed outside, 

successively forming a second cladding layer 
and a cap layer to cover the first current block- 
ing layer and the mesa, 25 

forming a rear electrode and a front electrode; 
and 

applying an anti-reflecting coating to facets 30 
after an element is cleaved. 
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